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RCA CMOS LSI 

Microprocessors, Memories, Peripherals 



This DATABOOK contains full information on CMOS 
LSI products (microprocessors, memories, and 
peripherals) currently available from RCA Solid 
State Division. An Index to Products provides a 
complete listing of types. 

The Index to Products is followed by several pages 
of general product information that includes photo- 
graphs showing the package options available for 
RCA CMOS LSI products, a Product Overview that 
summarizes the basic features and complement of 
each category of products, and a Product Classi- 
fication Chart that groups integrated circuits and 
systems according to product type and Intended 
function. Next, a Cross-Reference Guide lists popular 
memory integrated circuits supplied by other manu- 
facturers together with a recommended RCA re- 
placement type. The DATABOOK then includes a 
general discussion of Operating and Handling 
Considerations for CMOS Integrated Circuits. 

Five separate data sections provide definitive ratings, 
electrical characteristics, and user information for 
the (1) 1800 series of microprocessors and micro- 
computers, (2) 1 800 series memories, (3) 1 800 series 
peripherals, (4) general-purpose memories, and (5) 
6805 series LSI products. 

Within each data section, the data pages for in- 
dividual integrated circuits are grouped In alpha- 
numerical sequence of type numbers. 

The DATABOOK also contains selected application 
note abstracts on RCA LSI products and dimensional 
outlines of all packages In which RCA LSI products 
are supplied. 
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Index to Products 



Part Page 

No. No. Description 

CD4036A 376 4 X 8 RAM 

CD4039A 376 4 X 8 RAM 

CD4061A 383 256 x 1 RAM 

CD40061 391 256x1 RAM 

CD40061A 391 256 x 1 RAM 



CD40114B 

CDiVI5332 

CDI\15333 

CDiy/i6116-1 

CDiVI6116-2 



396 16x4 RAM 
401 4096 X 8 ROM 
401 4096 X 8 ROM 
407 2048 X 8 RAM 
407 2048 X 8 RAM 



CDP1802A 14 8-Bit Microprocessor 

CDP1802AC 14 8-Bit Microprocessor 

CDP1802BC 36 8-Bit Microprocessor 

CDP1804AC 56 8-Bit Microcomp/ROM/RAM/ 

Ctr/Tmr 

CDP1805C 84 8-Bit Microproc/RAM/Ctr/Tmr 1349 

CDP1805AC 103 8-Bit Microprocessor 

CDP1806C 84 8-Bit Microproc/Ctr/Tmr 

CDP1806AC 103 8-Bit Microprocessor 

CDP1821 128 IKxl RAM 

CDP1821C 128 IKxl RAM 

CDP1822 134 256x4 RAM 

CDP1 822C 1 34 256 x 4 R AM 

CDP1823 141 128x8 RAM 

CDP1823C 141 128x8 RAM 

CDP1824 147 32x8 RAM 

CDP1 824C 1 47 32 X 8 RAM 

CDP1826C 153 64x8 RAM 

CDP1831 160 512x8 ROM 

CDP1831C 160 512 x 8 ROM 

CDP1832 164 512x8 ROM 

CDP1832C 164 512 X 8 ROM 

CDP1833 168 Mask-Progr'ble, IK x 8 ROM 

CDP1833BC 168 Masl<-Progr'ble. IK x 8 ROM 

CDP1833C 168 Masl<-Progr'ble, IK x 8 ROM 

CDP1834 174 Maslc-Progr'ble, IK x 8 ROM 

CDP1834C 174 Masl<-Progr'ble. IK x 8 ROM 

CDP1835C 177 Masl<-Progr'ble, 2K x 8 ROM 

CDP1837C 183 Masl<-Progr'ble, 4K x 8 ROM 

CDP1851 190 Programmable I/O 

CDP1851C 190 Programmable I/O 

CDP1852 203 Byte-Wide I/O Port 

CDP1852C 203 Byte-Wide I/O Port 

CDP1853 210 N-Bit 1 of 8 Decoder 

CDP1853C 210 N-Bit 1 of 8 Decoder 

CDP1854 214 UART 



File 


Part 


Page 


File 


No. 


No. 


No. Description 


No. 


613 


CDP1854C 


214 UART 


1193 


613 


CDP1855 


232 8-Bit Programmable MDU 


1053 


786 


CDP1855C 


232 8-Bit Programmable MDU 


1053 


1188 


CDP1856 


245 4-Blt Bus Buffer/Separator 


1192 


1188 


CDP1856C 


245 4-Blt Bus Buffer/Separator 


1192 


1116 


CDP1857 


245 4-BJt Bus Buffer/Separator 


1192 


1366 


CDP1857C 


245 4-Bit Bus Buffer/Separator 


1192 


1366 


CDP1858 


250 4-Blt Latch/Decoder 


1127 


1372: 


CDP1858C 


250 4-Blt Latch/Decoder 


1127 


1372 


1:DP1859 


250 4-Bit Latch/Decoder 


1127 


1305 


CDP1859C 


250 4-Bit Latch/Decoder 


1127 


1305 


CDP1861C 


258 Video Display Controller 


1223 


1342 


CDP1862C 


266 Color Generator Controller 


1181 




CDP1863 


271 8-Blt Progr'ble Frequency 




1371 




Generator 


1179 


1349 


CDP1863C 


271 8-Bit Progr'ble Frequency 




1370 




Generator 


1179 


1349 


CDP1864C 


277 PAL Video Display Controller 


1196 


1370 


CDP1866 


286 4-Blt Latch/Decoder 


1112 


1200 


CDP1866C 


286 4-Blt Latch/Decoder 


1112 


1200 


CDP1867 


286 4-Blt Latch/Decoder 


1112 


1074 


CDP1867C 


286 4-Bit Latch/Decoder 


1112 


1074 


CDP1868 


286 4-Bit Latch/Decoder 


1112 


1198 


CDP1868C 


286 4-Bit Latch/Decoder 


1112 


1198 


CDP1869 


295 Video Interface System 


1197 


1103 


CDP1869C 


295 Video Interface System 


1197 


1103 


CDP1870 


295 Video Interface System 


1197 


1311 


CDP1870C 


295 Video Interface System 


1197 


1104 


CDP1871A 


312 Keyboard Encoder 


1374 


1104 


CDP1871AC 


312 Keyboard Encoder 


1374 


1145 


CDP1872C 


320 8-Bit Input Port 


1255 


1145 


CDP1873C 


325 1 of 8 Binary Decoder 


1248 


1135 


CDP1874C 


320 8-Bit Input Port 


1255 


1135 


CDP1875C 


320 8-Blt Output Port 


1266 


1135 


CDP1876 


295 Video Interface System 


1197 


1143 


CDP1876C 


295 Video Interface System 


1197 


1143 


CDP1877 


329 Progr'ble Interrupt Controller 


1319 


1267 


CDP1877C 


329 Progr'ble Interrupt Controller 


1319 


1381 


CDP1878 


338 Dual Counter-Timer 


1341 


1056 


CDP1878C 


338 Dual Counter-Timer 


1341 


1056 


CDP1879 


351 Real-Time Clock 


1360 


1166 


CDP1879C 


351 Real-Time Clock 


1360 


1166 


CDP1881 


365 6-Bit Latch/Decoder 


1367 


1189 


CDP1881C 


365 6-Bit Latch/Decoder 


1367 


1189 


CDP1882 


365 6-Bit Latch/Decoder 


1367 


1193 


CDP1882C 


365 6-Bit Latch/Decoder 


1367 




CDP6402 


367 UART 


1328 
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Index to Products (Cont'd) 



Part 
No. 


Page 
No. Description 


File 
No. 


Part Page 
No. No. 


Description 


File 
No. 


CDP6402C 


367 UART 


1328 


MWS5101DL3 


412 


256 X 4 RAM 


1106 


CDP65516 


434 2K X a ROM 


1376 


MWS5101EL2 


412 


256 X 4 RAM 


1106 


CDP6805E2 
CDP6805F2 

CDP6805G2 


442 8-Bit Micropro/RAM/Ctr/Tmr 
477 8-Bit Microcomp/ROM/RAM/ 

Ctr/Tmr 
503 8-Bit MIcrocomp/ROM/RAM/ 

Ctr/Tmr 


1363 
1369 
1364 


MWS5101EL3 

MWS5101ADL2 

MWS5101ADL3 

MWS5101AEL2 

MWS5101AEL3 


412 
419 
419 
419 
419 


256 X 4 RAM 
256 X 4 RAM 
256 X 4 RAM 
256 X 4 RAM 
256 X 4 RAM 


1106 
1207 
1207 
1207 
1207 


CDP6818 529 Real-Time Clock/RAM 
CDP6823 547 Parallel Interface 
MWS5101DL2 412 256 x 4 RAM 


1375 
1377 
1106 


l\MWS5114-1 
MWS5114-2 
MWS5114-3 


426 
426 
426 


1KX4RAM 
1KX4RAM 
1KX4RAM 


1325 
1325 
1325 
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Package and Ordering Information 

Packages 



D Suffix 
Dual-ln-Line Size-Brazed Ceramic Pacicages 



D Suffix 
Dual-ln-Line Welded-Seai Ceramic Pacicages 





16-, 18-, 22-, 24-, 28-, and 40-lead versions 



16- and 24-iead versions 



E Suffix 
Plastic Dual-ln-Line Pacicages 



K Suffix 
24-Lead Ceramic Fiat Pack 





16-, 18-, 22-, 24-, and 40-lead versions 
H Suffix Chip 




CD4036A and CD4039A only 



L SUFFIX - LEADLESS- 

CHIP-CARRIER CERAMIC 

PACKAGE 





Ordering Information 

RCA CMOS microprocessor and memory integrated 
circuits are available in one or more of the following 
package styles and are identified by the Suffix Letters 
indicated: dual-in-line size-brazed ceramic, dual-in-line 
welded-seal ceramic, dual-in-line plastic, flat-pack 
ceramic, leadless chip-carrier ceramic and In chip form. 
The available package styles for any specific type are 
given in the technical data for that type. 

When ordering CMOS devices, it Is important that the 
appropriate suffix letter be affixed to the type number of 
the device required. For example a CDP1 802A in a dual-in- 
line ceramic package will be identified as the CDP1 802AD. 



PACKAGE 


SUFFIX 
LETTERS 


Dual-ln-Line Welded-Seal or 

Side-Brazed Ceramic 
Dual-ln-Line Plastic 
Chip 
Ceramic Flat Pack 

(CD4036A and CD4039A only) 
Ceramic Leadless Chip-Carrier 


D 

E 
H 

K 

L 
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Product Overview 

RCA offers an all CMOS line of microprocessor, mennory 
and peripheral integrated circuits for use in a broad range 
of diverse industrial, consumer, and military applications. 
These devices offer the user all the advantages unique to 
CMOS technology, including: 

■ Low power drain— makes CMOS integrated circuits 
a natural choice for battery-operated systems, 
battery backed-up systems, and systems In which 
heat dissipation is a prime consideration. 

■ High noise immunity and wide operating temperature 
range (-55*'C to +125° C)— allows CMOS integrated 
circuits to be used in the most demanding industrial 
environments. 

■ Wide operating voltage range— reduces the need for 
expensive regulated power supplies and thereby 
allows the design engineer greater freedom to 
concentrate on other aspects of system design. 

CDP1800 Series 

The RCA CDP1 800 series offers the most complete line of 
CMOS microprocessor and associated memory and 
peripheral devices in the industry. The heart of the series 
is the CDP1 802A central processing unit (CPU). This unit, 
which features CMOS register-based architecture, offers 
16 Internal registers to facilitate data manipulation and to 
reduce the need for additional devices. The need for 
external devices is even further reduced by use of an 
on-chip clock, DMA, and single-phase operation. 

The CDP1 804A microcomputer, currently under develop- 
ment, incorporates all the features of the CDP1802 
augmented by additional hardware and increased perform- 
ance capabilities. The additional hardware includes 2 
kilobytes of ROM, a64-byte RAM array, an 8-bit presettable 
down-counter, and 32 additional software instruction, 
which add subroutine call and return capability, enhance 
data transfer manipulation, control counter modes and 
interrupt arbitration, and provide BCD arithmetic capa- 
bility. 

Also available, are four other 8-bit microprocessors that 
are functional and performance enhancements of the 
CDP1802. The CDP1805 and CDP1805A feature an on- 
board RAM and Counter/Timer. The CDP1806 and 
CDP1806A have all the features of the CDP1805 and 
CDP1805A, respectively, but contain no on-board RAM. 

The microcomputer and microprocessor devices use the 
CMOS technology, designed on a single chip to maintain 
low power drain. 

RCA's large and expanding CDP1800-series LSI product 
line offers the system designer exceptional flexibility In 
hardware/software tradeoffs. In addition to microproces- 
sors and microcomputers, this product line includes a 
hardware multiply/divide unit (MDU), a programmable 
I/O, video and keyboard interface circuits, latches and 
decoders, a universal asynchronous receiver-transmitter 
(UART), buffers, separators, and a broad complement of 
directly Interfaceable random-access memories (RAM's) 
and read-only memories (ROM's). 

CDP6800 Series 

RCA also offers the CDP6800 family, a new series of pin- 
for-pin replacements for the Motorola MC1 46805 Series of 
CMOS microprocessors and peripherals primarily intended 
for single-chip system applications. This family of parts 
includes the CDP6805E2 8-bit microprocessor; the CDP- 
6805F2 8-bit microcomputer (1K ROM); the CDP6805G2 
8-bit microcomputer (2K ROM); the CDP6818 Real-Time 



Clock plus RAM; the CDP6823 Parallel Interface I/O; and 
the CDP655162Kx8 Mask Programmable ROM. Additional 
types will be added as they become available. 

General-Purpose Memories 

In addition to the memories designed to interface directly 
with CDP1800-series microprocessors, RCA also offers a 
line of general-purpose memories. These memories 
include small scratchpad types in the CD4000 series, and 
types in the MWS5000 and CDM series. 

Leadless Chip Carrier 

RCA's broad CMOS LSI product line now includes 12 
standard CDP1800 series chips In leadless chip-carrier 
packages. This basic chip set will consist of 20, 28, and 
44-lead packages on 50-mil lead centers. 

Extra-Value Product 

Most RCA CDP1800 series parts are offered with burn-in 
(EVP - Extra-Value Program) and are designated by an 
"X", "Y" or "Q" suffix added to the part number, e.g., 
CDM5332EX. 

Microprocessor Development Systems and 
MIcroboard Computer Modules 

For the designers of microprocessor-based equipment 
and in support of the CDP1800-serles microprocessors 
and associated memory and peripheral circuits, RCA 
provides a strong and extensive line of systems, system 
support components, system support software, system 
modules (including MIcroboard milliwatt computer sys- 
tems), and other development aids. The support-system 
line includes development systems ranging from a mini- 
mum tape-based system to a full development system 
having floppy-disk mass memory storage and operating 
system software. This line also includes two evaluation 
systems that serve as convenient learning tools for design, 
hardware interfacing, and programming of microcomputer 
systems. These systems can also be used as the basis for 
breadboarding and prototyping user-designed microcom- 
puter systems. 

The RCA MIcroboard milliwatt computer systems form an 
extensive line of fully coordinated products based on a 
standard, simple-to-use 4.5 by 7.5 inch module. These 
modules feature the inherent CMOS advantages of low 
power consumption, wide operating voltage range, and 
excellent noise immunity. The microboard systems are all 
designed with the microboard universal backplane and 
are compatible with RCA Development Systems. User- 
developed systems, therefore, can be readily developed 
and easily modified. 

As a convenient starting point for the user, two microboard 
prototyping systems are available. These systems Inclqde 
an expandable 5-card chassis, a microboard computer- 
system module, a microboard control-and-display module, 
ROM-based utility software, and ample room for user- 
designed expansion. These prototyping systems enable 
the user to reduce his hardware concerns to a minimum 
and to maximize his efforts in custom design and software 
development to meet the specific requirements of his 
application. 

The RCA Microsystems DATABOOK SSD-270 provides 
detailed information on RCA Microprocessor-based de- 
velopment systems and Microboard computer modules 
and in the product description booklets and user manuals 
available on specific types. (A list of these publications are 
included at the end of this DATABOOK). 
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Product Classification Chart 



Part Number Description 

Microprocessors 

CDP1802A 

CDP1802B 

CDP1805C 

CDP1805AC 

CDP1806C 

CDP1806AC 

CDP6805E2 



8-Bit 

8-Bit 

8-Bit with RAM 

8-Bit with RAM 

8-Bit with Counter-Timer 

8-Bit with Counter-Timer 

8-Bit with RAM/I-O/Counter- 

Timer 



Page No. 



14 
36 
84 

103 
84 

103 

442 



Part Number Description Page No. 

ROMs (Cont'd) 

CDP1834 Masl<-programmable ROM 

1Kx8 174 

CDP1835 Masi<-programmabie ROM 

2Kx8 177 

CDP1837 Masl<-programmable ROM 

4Kx8 183 

CDP65516 Masl<-programmable ROM 

2K X 8 434 



Microcomputers 

CDP1804A 8-Bit with RAM/ROM/Counter- 
Timer 



CDP6805F2 


8-Bit with RAM/ROM/l-0/ 




Counter-Timer 


CDP6805G2 


8-Blt with RAM/ROM/l-0/ 




Counter-Timer 


RAMS 




CDP1821 


IKxl 


CDP1822 


256x4 


CDP1823 


128x8 


CDP1824 


32x8 


CDP1826 


64x8 


CDM6116 


2Kx8 


MWS5101 


256x4 


MWS5101A 


256x4 


MWS5114 


1Kx4 


CD4036A 


4x8 


CD4039A 


4x8 


CD4061A 


256x1 


CD40061A 


256x1 


CD40114B 


16x4 


ROMs 




CDM5332 


Mask-programmable ROM 




512x8 


CDM5333 


Mask-programmable ROM 




512x8 


CDP1831 


Mask-programmable ROM 




512x8 


CDP1832 


Mask-programmable ROM 




512x8 


CDP1833 


Mask-programmable ROM 




1Kx8 


CDP1833B 


Mask-programmable ROM 




1Kx8 



56 
477 
503 

128 
134 
141 
147 
153 
407 

412 
419 
426 

376 
376 
383 
391 
396 



401 
401 

160 
164 
168 
168 



Input/Output Circuits 

CDP1851 Programmable I/O (PIO) 

CDP1852 Byte I/O - 8-Bit I/O Port 

CDP1853 Decoder - 1 of 8 

CDP1855 Multiply/Divide Unit (MDU) 

CDP1856 Buffer -4-Bit 

CDP1857 Buffer -4-Bit 

CDP1858 Latch/Decoder - 4-Blt 

CDP1859 Latch/Decoder - 4-Bit 

CDP1861 Video Display, Controller 

(VDC) 

CDP1862 Color Generator Circuit 

CDP1863 Programmable Frequency 

Generator 

CDP1864 PAL Video Display Controller 

(VDC) 

CDP1866 Latch/Decoder - 4-Bit 

CDP1867 Latch/Decoder - 4-Bit 

CDP1868 Latch/Decoder - 4-Bit 

CDP1869 Video Interface System (VIS) 

CDP1870 Video Interface System (VIS) 

CDP1871A Keyboard Encoder, ASCII/Hex 

CDP1872 High-Speed Input Port - 8-Bit 

CDP1873 High-Speed Decoder - 1 of 8 

CDP1874 High-Speed Input Port - 8-Blt 

CDP1875 High-Speed Output Port 

CDP1876 Video Interface System (VIS) 

CDP1877 Programmable Interrupt 

Controller 

CDP1878 Dual Counter-Timer 

CDP1879 Real Time Clock 

CDP1881 Latch/Decoder - 4-Bit 

CDP1882 Latch/Decoder - 4-Bit 

CDP6818 Real Time Clock with RAM 

CDP6823 Parallel Interface 



UARTs 

CDP1854A 
CDP6402 



UART 

Industry Standard UART 



190 
203 
210 
323 
245 
250 
250 
250 

258 
266 

271 

277 
286 
286 
286 
295 
295 
312 
320 
325 
320 
320 
295 

329 
338 
351 
365 
365 
529 
547 



214 
367 
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Cross-Reference Guide 



Note: An RCA equivalent type may not be identical with other manufacturer's type in every detail. 
Refer to published data for further Information. 



Manufact- 




RCA Nearest 


PIn-for-PIn 


urer/Type 


Description 


Equiv. Type 


Compatible 


AMI 








S5614 


1Kx4RAM 


MWS5114 


Yes 


S5101 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


S6508 


1Kx1 RAM 


CDP1821 


Yes 


FUJITSU 








MB8414E 


IK X 4 RAM 


MWS5114 


Yes 


HARRIS 








6402 


UART 


CDP6402 


Yes 


HM6551 


256 X RAM 


CDP1822/ 
MWS5101 


Yes 


HM6508 


IKxl RAM 


CDP1821 


Yes 


HM6514 


IK X 4 RAM 


MWS5114 


Yes 


HITACHI 








HM435101 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


HM4334 


1KX4RAM 


MWS5114 


Yes 


HUGHES 








HCMP1802 


CPU 


CDP1802 


Yes 


HCMP1822 


256 X 4 RAM 


CD PI 822/ 
MWS5101 


Yes 


HCMP1824 


32 X 8 RAM 


CDP1824 


Yes 


HCMP1831 


512x8 ROM 


CDP1831 


Yes 


HCMP1832 


512x8 ROM 


CDP1832 


Yes 


HCMP1833 


IK X 8 ROM 


CDP1833 


Yes 


HCMP1834 


IKxSROM 


CDP1834 


Yes 


HCMP1835 


2Kx8ROM 


CDP1835 


Yes 


HCMP1851 


I/O Interface 


CDP1851 


Yes 


HCMP1852 


I/O Port 


CDP1852 


Yes 


HCMP1853 


N-Bit 
Decoder 


CDP1853 


Yes 


HCMP1864 


UART 


CDP1854 


Yes 


HCMP1855 


8-Bit MDU 


CDP1855 


Yes 


HCMP1856/ 


Bus Buffer 


CDP1856/ 


Yes 


1857 




CDP1857/ 




HCMP1858/ 


Latch/ 
Decoder 


CDP1858/ 


Yes 


1859 




CDP1859 




HCMP1861 


VDC 


CDP1861 


Yes 


HCMP1871 


Keyboard 
Encoder 


CDP1871 


Yes 



Manufact- 




RCA Nearest 


Pin-for-Pin 


urer/Type 


Description 


Equiv. Type 


Compatible 


INTERSIL 








IM6402 


UART 


CDP6402 


Yes 


IM6551 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


IM6514C 


IK X 4 RAM 


MWS5114 


Yes 


IM6316 


2Kx8ROM 


CDP1835 


No 


MITEL 








MD74SC138A 


Decoder 


CDP1873C 


Yes 


MD74SC373A 


I/O Port 


CDP1872C/ 
CDP1874C 


No 


MOTOROLA 








MCM6508 


IKxl RAM 


CDP1821 


Yes 


MCM5101 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


MCM65114 


IK X 4 RAM 


MWS5114 


Yes 


NATIONAL 








MM74C920 


256 X 4 RAM 


CDP1822/ 
MWS5101 


No 


MM74C929 


IKxl RAM 


CDP1821 


Yes 


NEC 








PD5101 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


PD44/6514 


Ik X 4 RAM 


MWS5114 


Yes 


OKI 








MSM5114 


1KX4RAM 


MWS5114 


Yes 


sss 








SCM5101 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


SCM5114 


IK X 4 RAM 


MWS5114 


Yes 




2KX8ROM 


CDP1835 


No 


SUPERTEX 








CM 1600 


^Kx8R0M 


CDP1835 


No 


TOSHIBA 








TC5514P 


IK X 4 RAM 


MWS5114 


Yes 


TC5501P 


256 X 4 RAM 


CDP1822/ 
MWS5101 


Yes 


TC5508P 


IKxl RAM 


CDP1821 


No 


TC5507AP 


IK X 4 RAM 


MWS5114 


No 
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Operating and Handling Considerations 
RCA CI\/iOS Integrated Circuits 

This Note summarizes important operating recom- 
mendations and precautions which should be followed in 
the interest of maintaining the high standards of 
performance of solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry 
Standard (JEDEC) statement: 

Absolute-Maximum Ratings are Hmiting values of 

operating and environmental conditions applicable to 

any electron device of a specified type as defined by its 

published data, and should not be exceeded under the 

worst probable conditions. 
The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout Hfe no absolute-maximum value 
for the intended service is exceeded with any device under 
the worst probable operating conditions with respect to 
supply voltage variation, equipment component variation, 
equipment control adjustment, load variation, signal 
variation, environmental conditions, and variations in 
device characteristics. 

It is recommended that equipment manufacturers 
consult RCA whenever device applications involve 
unusual electrical, mechanical or environmental operating 
conditions. 



General Considerations 

The design flexibility provided by these devices makes 
possible their use in a broad range of applications and 
under many different operating conditions. When 
incorporating these devices in equipment, therefore, 
designers should anticipate the rare possiblity of device 
failure and make certain that no safety hazard would 
result from such an occurence. 

The small size of most soHd state products provides 
obvious advantages to the designers of electronic 
equipment. However, it should be recognized that these 
compact devices usually provide only relatively small 
insulation area between adjacent leads and the metal 
envelope. When these devices are used in moist or 
contaminated atmospheres, therefore, supplemental 
protection must be provided to prevent the development 
of electrical conductive paths across the relatively small 
insulating surfaces. 

The metal shells of the TO-5 style package often used 
for integrated circuits usually has the substrate or most 
negative supply voltage connected to the case. Therefore, 
consideration should be given to the possibility of shock 
hazard if the shells are to operate at voltages appreciably 
above or below ground potential. In general, in any 
application in which devices are operated at voltages 
whioh may be dangerous to personnel, suitable 
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precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 

TESTiNG PRECAUTIONS 

In common with many electronic components, solid- 
state devices should be operated and tested in circuits 
which have reasonable values of current limiting 
resistance, or other forms of effective current overload 
protection. Failure to observe these precautions qan 
cause excessive internal heating of the device resulting in 
destruction and/ or possible shattering of the enclosure. 

IMounting 



Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar" leads.* It 
should be recognized that this type of plating will not 
provide complete protection against lead corrosion in the 
presence of high humidity and mechanical stress. 

■Trade Name: Westinghouse Corp. 
*Mil-M-38510A, paragraph 3.5.6.1(a), lead material 
The aluminum-foil-lined cardboard "sandwich pack" 
employed for static protection of the flat-pack also 
provides some additional protection against lead 
corrosion, and it is recommended that the devices be 
stored in this package until used. 

When integrated circuits are welded onto printed 
circuit boards or equipment, the presence of moisture 
between the closely spaced terminals can result in 
conductive paths that may impair device performance in 
high-impedance applications. It is therefore recommended 
that conformal coatings or potting be provided as an 
added measure of protection against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and 
clamped between the bend and the package seal, and that 
bending be done with care to avoid damage to lead 
plating. In no case should the radius of the bend be less 
than the diameter of the lead, or in the case of rectangular 
leads, such as those used in RCA 14-lead and 16-lead 
flat-packages, less than the lead thickness. It is also 
extremely important that the ends of the bent leads be 
straight to assure proper insertion through the holes in 
the printed-circuit board. 

Handling 

All CMOS gate inputs have a resistor/ diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and 
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Operating and Handling Considerations (Cont'd) 



output interfaces protect CMOS devices from gate-oxide 
failure in handling environments where static discharge is 
not excessive. In low-temperature, low-humidity 
environments, improper handling may result in device 
damage. See ICAN-6525, "Handling and Operating 
Considerations for MOS Integrated Circuits", for proper 
handling procedures. 

Operating 

Unused Inputs 

All unused input leads must be connected to either Vss 
or Vdd, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type not only 
can result in faulty logic operation, but can cause the 
maximum power dissipation of 200 milliwatts to be 
exceeded and may result in damage to the device. Inputs 
to these types, which are mounted on printed-circuit 
boards that may temporarily become unterminated, 
should have a pull-up resistor to Vss or Vdd. A useful 
range of values for such resistors is from 10 kilohms to 1 
megohm. 

Input Signals 

Signals shall not be applied to the inputs while the 
device power supply is off unless the input current is 
limited to a steady state value of less than 10 milliamperes. 
Input currents of less than 10 milliamperes prevent device 
damage; however, proper operation may be impaired as a 
result of current flow through structural diode junctions. 

Output Short Circuits 

Shorting of outputs to Vss or Vdd can damage many of 
the higher-output-current CMOS types. In general, these 
types can all be safely shorted for supplies up to 5 volts, 
but will be damaged (depending on type) at higher power- 
supply voltages. For cases in which a short-circuit load, 
such as the base of a p-n-p or an n-p-n bipolar transistor. 



is directly driven, the device output characteristics given 
in the published data should be consulted to determine 
the requirements for a safe operation below 200 milHwatts. 
For detailed CMOS IC operating and handling 
considerations, refer to Application Note ICAN-6525 
"Handling and Operating Considerations for MOS 
Integrated circuits". 

IC Chips 

Integrated-circuit chips, unlike packaged devices, are 
non-hermetic devices, normally fragile and small in 
physical size, and therefore, require special handling 
considerations as follows: 

1. Chips must be stored under proper conditions to 
insure that they are not subjected to a moist and/ or 
contaminated atmosphere that could alter their 
electrical, physical, or mechanical characteristics. 
After the shipping container is opened, the chip must 
be stored under the following conditions: 

A. Storage temperature, 40° C. 

B. Relatively humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care when handUng 
chips to prevent even the slightest physical damage to 
the chip. 

3. During mounting and lead bonding of chips the user 
must use proper assembly techniques to obtain 
proper electrical, thermal, and mechanical 
peformance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected 
to moist or contaminated atmosphere which might 
cause the development of electrical conductive paths 
across the realtively small insulating surfaces, In 
addition, proper consideration must be given to the 
protection of these devices from other harmful 
environments which could conceivably adversely 
affect their proper performance. 
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CMOS 8-Bit Microprocessor 

Features: 

■ Minimum instruction fetch-execute time of 5 fjs 

or 7.5 fjis at VoD~^ ^•* 25 //s or 3.75 fJS at VoD-fO V 

■ Any combination of standard RAM and ROM up to 65,536 bytes 

m Operates with slow memories, up to 1 /js access time at fcL—^ ^^^ 

■ 8-bit parallel organization with bidirectional 
data bus and multiplexed address bus 

■ 16 X 16 matrix of registers for use as 

multiple program counters, data pointers, or data registers 

■ On-chip DMA, interrupt, and flag inputs 

■ Programmable single-bit output port 

■ 91 easy-to-use instructions 



The RCA-CDP1802A LSI CMOS 8-bit register-oriented 
central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 

The CDP1802A includes all of the circuits required for 
fetching, interpreting, and executing Instructions which 
have been stored in standard types of memories. Extensive 
input/output (I/O) control features are also provided to 
facilitate system design. 

The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn- 



chronous Interface to memories and external controllers 
for I/O devices, and minimizes the cost of Interface con- 
trollers. Further, the I/O interface is capable of supporting 
devices operating in polled, Interrupt-driven, or direct 
memory-access modes. 

The CDP1 802A and CDP1 802AC are functionally identical. 
They differ In that the CDP1802A has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1802AC a recommended operating voltage range of 4 
to 6.5 volts. 

These types are supplied In 40-lead dual-In-line side- 
brazed ceramic packages (D suffix), and 40-lead dual-In- 
line plastic packages (E suffix). The CDP1802AC Is also 
available in chip form (H suffix). 




92CM-3466iRI 



Fig. 1 - Typical CDP1802A small microprocessor system. 
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1800-Series Microprocessors dnd Microcomputers 



CDP1802A, CDP1802AC 

MAXIMUM RAT\HGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd): 
(All voltages referenced to Vss terminal) 

CDP1802A -0.5 to +11 V 

CDP1802AC -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpo -K).5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta=-40 to -f GC'C (PACKAGE TYPE E) 500 mW 

For Ta=+60 to +85»C (PACKAGE TYPE E) Derate Linearly at 12 mW/'Cto 200 mW 

For Ta=-55 to +1 00" C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to +125»C (PACKAGE TYPE D) Derate Linearly at 12 mW/»C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL package-temperature range 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125«C 

PACKAGE TYPE E -40tO+85«C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150»C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16±1/32 In. (1.69±0.79 mm) from case for IDs max +265*C 

OPERATING CONDITIONS at Ta=-40<'C to •1-85'' C 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



I 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vcci 

(V) 


vdd 

(V) 


CDP1802A 


CDP1802AC 


MIn. 


Max. 


MIn. 


Max. 


DC Operating Voltage 
Range 


— 


- 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


— 


— 


Vss 


VDD 


Vss 


VDD 


Maximunn Clock Input Rise 
or Fall Time, t^tf 


4 to 10.5 


4 to 10.5 




1 


._ 


1 


/iS 


Mininnum Instruction Time2 


5 


5 


5 


— 


5 


— 


5 


10 


4 





— 


— 


10 


10 


2.5 


— 


— 


— 


Maximum DMA Transfer 
Rate 


5 


5 


— 


400 


— - 


400 


KBytes 

per 
second 


5 


10 


— 


500 


— 


— 


10 


10 


_ 


800 


— 


- 


Maximum Clock Input 
Frequency, fcL« Load 
Capacitance (Cl)=50 pF 


5 


5 


DC 


3.2 


DC 


3.2 


MHz 


5 


10 


DC 


4 


— 


— 


10 


10 


DC 


6.4 


— 


— 



IVcc ^ust never exceed Vqd. 

^Equals 2 machine cycles— one Fetch and one Execute operation for all Instructions except Long Branch and Long Skip, which require 3 
machine cycles— one Fetch and two Execute operations. 




35 45 55 65 75 85 95 101 
AMBIENT TEMPERATURE (Ta)-»C 




KX> 125 
LOAD CAPACITANCE (Cl)- 



92CS- 33866 



Fig. 2 - Typical maximum clock frequency 
as a function of temperature. 



Fig. 3 - Typical transition time vs. load 
capacitance. 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 

STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to *85°C, except as noted. 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


VoUT 
(V) 


V|N 
(V) 


vcc 
vdd 

(V) 


CDP1802A 


CDP1802/ 


\C 


Min. 


Typ.* 


Max. 


MIn. 


Typ.* 


Max. 


Quiescent Device Current IpD 


— 


— 


5 
10 


— 


0.1 

1 


50 
200 


— 


1 


200 


M 


Output Low Drive (Sink) 
Current Iql 
(Except XTAL) 


0.4 


0,5 


5 


1.1 


2.2 




1.1 


2.2 




mA 


0.5 


0,10 


10 


2.2 


4.4 


— 


— 


— 


— 


XTAL lOL 


0.4 


5 


5 


170 


350 


— 


170 


350 


— 


M 


Output High Drive (Source) 
Current Iqh 
(Except XTAL) 


4.6 


0,5 


5 


-0.27 


-0.55 




-0.27 


-0.55 




mA 


9.5 


0.10 


10 


-0.55 


-1.1 





— 








XTAL Ion 


4.6 





5 


-125 


-250 





-125 


-250 





//A 


Output Voltage 
Low-Level Vql 


— 


0.5 


5 


— 





0.1 


— 





0.1 


V 


— 


0.10 


10 


— 





0.1 


— 


— 


— 


Output Voltage 
High Level Vqh 


— 


0,5 


5 


4.9 


5 


— 


4.9 


5 





— 


0,10 


10 


9.9 


10 


■— 


-- 


— ■ 


— 


Input Low Voltage Vjl 


0.5,4.5 


— 


5 


— 


— 


1.5 


>_ 


— 


1.5 


0.5, 4.5 


— 


5.10 


— 


— 


1 


— 


— 


— 


1.9 


— 


10 


— 


— 


3 


— 


— 


— 


Input High Voltage V|h 


0.5.4.5 


— 


5 


3.5 


— 


— 


3.5 


— 


__ 


0.5.4.5 


— 


5,10 


4 


— 


— 


4 


— 


— 


1.9 


— 


10 


7 


— 


— 


— 


— 


— 


CLEAR Input Voltage Vh 
Schmitt Hysteresis 







5 


0.4 


0.5 





0.4 


0.5 





— 


— 


5,10 


0.3 


0.4 


— 


— 




— 


— 


~ 


10 


1.5 


2 


— 


— 


— 


— 


Input Leakage Current I|n 


Any 
Input 


0,5 


5 


~ 


±10-4 


±1 


— 


±10-4 


±1 


M 


0.10 


10 


— 


±10-4 


±1 


— 


— 


— 


3-State Output Leakage 
Current 'OUT 


0.5 


0,5 


5 


— 


±10-4 


±1 


— 


±10-4 


±1 


0,10 


0,10 


10 


— 


±10-4 


±1 


— 


-- 


— 


Operating Current, IdD1^ 
f=3.2 MHz 






5 




2 


4 




2 


4 


mA 


Minimum Data Retention 
Voltage Vqr 


vdd=vdr 


_ 


2 


2.4 


_ 


2 


2.4 


V 


Data Retention Current Iqr 


VdD=2.4 V 


- 


0.05 


- 


— 


0.5 


- 


M 


Input Capacitance C|n 




— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance Cqut 




- 


10 


15 


— 


10 


15 



•Typical values are for 1^=25" and nominal Vpo- 



^Idle "00" at M(OOOO), Cl=50 pF. 
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Fig. 4 ' Minimum output liigli {source) current characteristics. 



Fig. 5 - Minimum output low (s/Vi/f) current characteristics. 
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1800-Series Microprocessors and Microcomputers 



CDP1802A, CDP1802AC 
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NOTES'. 0.01 01 I 10 

IDLE."00"ATM(0000) CLOCK INPUT FREQUENCY (fci)-MHi 

BRANCH »"5707"ATM (8107) 92CS- 29549 

Cl»50 pF 

F\g. 6 - Typical power dissipation as a function of clock 
frequency for BRANCH instruction and IDLE instruction. 



SPEC 50 100 ISO 200 

VALUE ^LOAO CAPACITANCE (ACl)--pF / NOTE .ANY OUTPUT 

/ EXCEPT XTAL 

92CS- 29698 

Fig. 7 - Typical change in propagation delay as a 
function of a change in load capacitance. 
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MEMORY ADDRESS LINES I/O FLAGS /" 

/ ' .^-L-N 
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matImasImasImaiI K^I"^ 



JL 



liU 
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>" 
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+ i 



INCR/ 
DECR 






L 



Jm CONTROL 

IN TWT CLEAR WAIT 

ill ii 



I 



CLOCI 
LOGIC 



^^H< 



CONTROL AND 
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►Wffb^ 



RiilT 
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Fig. 8 - CDP1802A block diagram. 
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92CM-34««flli 
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-EXECUTE (WRITE )- 



CLOCK 00l0lll0lll|20|2ir 



ADDRESS ^ 
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TPB 



VALID INPUT DATA 



VALID OUTPUT DATA 



Fig. 9 - Basic dc timing waveforms, one instruction cycle. 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 



SIGNAL DESCRIPTIONS 



BUS to BUS 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines): 

Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O Interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an I/O 
instruction is being executed). The N bits are low at all times 
except when an I/O instruction is being executed. During 
this time their state is the same as the corresponding 
bits in the N register. 

The direction of data flow is defined In the I/O instruction by 

bit N3 (internally) and is indicated by the level of the MRD 

signa l. 

MRb =VcC'- Data from I/O to CPU and Memory 

MRD=VsS- Data from Memory to I/O 

EFTtolF4(4Flag$): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to "call the attention" of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 



INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CDP1802A during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1 ; interrupt enable is reset to (Inhibit); and instruction 
execution Is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(0). 

Note; In the event of concurrent DMA and I nterrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
Interrupt. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or2) executing an instruction, or3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=VCC. L=VSS. 



State Type 


State Code Lines 


SCI 


SCO 


SO (Fetch) 


L 


L 


S1 (Execute) 


L 


H 


S2 (DMA) 


H 


L 


S3 (Interrupt) 


H 


H 



TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 

MAO to MAT (8 Memory Address Lines): 

I n each cycle, the higher-order byte of a 1 6-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low- 
order byte of the 1 6-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after the 
address lines have stabilized. 



MRD (Read Level): 



A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memo ry does not have a three-state high-Impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during an I/O instruction. For additional information see 
Table L 



Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, Q is set or reset between thetralling edge of TPA 
and the leading edge of TPB. 

CLOCK: 

Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at Vcc= Vdd=10 volts. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator Is utilized. The 
cry stal is c onnected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information, see ICAN-6565. 



WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 



CLEAR 


WAIT 


MODE 


L 


L 


LOAD 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN 



VdD. Vss. Vcc (Power Levels): 

The internal voltage supply VpD 'S isolated from the 
Input/Output voltage supply Vqc so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vcc "lust be less than or 
equal to Vqd- All outputs swing from Vss to Vcc- The 
recommended Input voltage swing is Vss to ^cc- 
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ARCHITECTURE 



The CPU block diagram is shown in Fig. 8. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16-bit scratchpad registers. Individual registers in 
the array (R) are designated (selected) by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines); 

2. the D register (either of the two bytes can be gated to 
D): 

3. the increment/decrement circuit where it Is increased 
or decreased by one and stored bacl< in the selected 
16-bit register. 

The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

With two exceptions, CPU instructions consist of two 8- 
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second— and third if necessary— are execute 
cycles. During the fetch cycle the four bits In the P 
designator select one of the 1 6 registers R(P) as the current 
program counter. The selected register R(P) contains the 
address of the memory location from which the Instruction 
is to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the Instruction byte are 
loaded Into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto- 
matically incremented by one so that R(P) is now "pointing" 
to the next byte in the memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted upon 
during register operations; 

2. indicate to the I/O devices a command code or device- 
selection code for peripherals; 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific operation 
required in a class of miscellaneous Instructions (70-73 
and 78-7B); 

4. indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P); 

5. indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 

The registers In R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 



Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 



Data Pointers 

The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 

I): 

1. ALU operations F1-F5, F7. 74. 75, 77; 

2. output instructions 61 through 67; 

3. input instructions 69 through 6F; 

4. certain miscellaneous instructions — 70-73, 78, 60, FO. 
The register designated by N (i.e., R(N)) points to memory 
for the "load D from memory" Instructions ON and 4N and 
the "Store D" instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F. During these 
instruction executions, the operation is referred to as "data 
immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written Into 
(DMA-ln) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the 1800-series 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 

Data Registers 

When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to hold 
general data. By employing increment or decrement instruc- 
tions, such registers may be used as loop counters. 



The Q Flip Flop 

An internal flip flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 

Interrupt Servicing 

Register R(1 ) is always used as the program counter whenever 
interrupt servicing is initiated. When an interrupt request 
occurs and the interrupt is allowed by the program (again, 
nothing takes place until the completion of the current 
instruction), the contents of the X and P registers are stored 
in the temporary register T, and X and P are setto new values; 
hex digit 2 in X and hex digit 1 in P. Interrupt Enable is 
automatically de-activated to inhibit further interruptions. 
The user's interrupt routine is now in control; the contents of 
T may be saved by means of a single instruction (78) in the 
memory location pointed to by R(X). At the conclusion of the 
interrupt, the user's routine may restore the pre-lnterrupted 
value of X and P with a single instruction (70 or 71). The 
Interrupt-Enable flip flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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CiPU Register Suittmary 



D 


8 Bits 


Data Register (Accumulator) 


Of 


IBit 


Data Flag (ALU Carry) 


B 


8$its 


Auxiliary Holding Register 


R 


16 Bits 


1 of 16 Scratchpad Registers 


P 


4 Bits 


Designates which register is 
Program Counter 


X 


4Bits 


Designates which register is 
DataPoint^i- 



N 


4 Bits 


Holds Low-Order Instr. Digit 


1 


4 Bits 


Holds High-Order Instr. Digit 


T 


8 Bits 


Holds old X. P after Interrupt 
(X is high nibble) 


IE 


1 Bit 


Interrupt Enable 


Q 


IBit 


Output Flip Flop 



CDP1802 Control Modes 



The WAIT and CLEAR lines provide four control modes i 
listed in the following truth table: 





WAIT 


MODE 


CLEAR 


L 


L 


LOAD 


L •.;: „ 


H 


RESET 


H ',. : 


L 


PAUSE 


H 


H 


RUN 



The function of the modes are defined as follows: 

LOid 

Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a "bootstrap" 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next instruction. 

Reset 

Registers I. N, Q are reset. IE is set and O's (Vss) ^^^ placed 
oh the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in Si. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains in 
SI and registers X, P, and R(0) are reset. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an Sb, Si , or an S2 but never an S3. With the use 
of a 71 Instruction followed by 00 at memory locations 0000 
and 0001. this featur'e may be used to reset IE. so as to 
preclude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a Sch mitt-triggered input, see Fig. 10. 



^ 



V-tAJ 



92 CS- 33873 



The RC time constant 
should be greater than 
the oscillator start-up time 
(typically 20 ms). 



Pause 

Stops the internal CPU timing generator on the first negative 
hIgh-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Bun 

May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When 
initiated from the Reset operation, the first machine cycle 
following Reset is always the initialization cycle. The initial- 
ization cycle is then followed by a DMA (S2) cycle or fetch 
(SO) from location 0000 in memory. 

RUN-MODE STATE TRANSITIONS 

The CDP1802A CPU state transitions when in the RUN and 
RESET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, SO followed by a single SI cycle or two SI 
cycles. S2 is the response to a DMA request and S3 is the 
interrupt response. Table II shows the conditions on Data 
Bus and Memory- Address lines during all machine states. 



iOLE«OMA*INT 



FORCE SI 

(LONG BRANCH, 
LONG SKIP, NOP, ETC) 




PRIORITY: FORCE SO. SI 
DMA IN 
SiSrAOUT 
INT 



Fig. 10 - Reset diagram. 



Pig. 11 ' State transition diagram. 



20 



1800-Series Microprocessors and Microcomputers 



INSTRUCTION SET 

The CPU instruction summary is given in Table I. Hexadecimal 
notation is used to refer to the 4-bit binary codes. 

In all registers bits are numbered from the least significant bit 
(LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W=N or X, or P 



CDP1802A, CDP1802AC 

R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 

Operation Notation 

M(R(N)) - D; R(N) 4- 1 - R(N) 

This notation means: The memory byte pointed to by R(N) is 
loaded into D, and R(N) is incremented by 1. 



TABLE I ~ INSTRUCTION SUMMARY (See Notes following table, pp. 11 and 12) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


MEMORY REFERENCE | 


LOAD VIA N 


LDN 


ON 


M(R(N)HD;FORNNOT0 


LOAD ADVANCE 


LDA 


4N 


M(R(N))-D; (RN)-f 1 -R(N) 


LOAD VIA X 


LDX 


FO 


M(R(X))-D 


LOAD VIA X AND ADVANCE 


LDXA 


72 


M(R(X))-D: R(X)+1-R(X) 


LOAD IMMEDIATE 


LDI 


F8 


M(R(P))-D; R(P)-I-1-R(P) 


STORE VIA N 


STR 


5N 


D-M(R(N)) 


STORE VIA X AND 


STXD 


73 


D-M(R(X)); R(X)-1-R(X) 


DECREMENT 








REGISTER OPERATIONS 


INCREMENT REG N 


INC 


1N 


R(N)-I-1-R(N) 


DECREMENT REG N 


DEC 


2N 


R(N)-1-R(N) 


INCREMENT REG X 


IRX 


60 


R(X)4-1-R(X) 


GET LOW REG N 


GLO 


8N 


R(N).0-D 


PUT LOW REG N 


PLO 


AN 


D--R(N).0 


GET HIGH REGN 


GHI 


9N 


R(N).1-D 


PUT HIGH REG N 


PHI 


BN 


D-R(N).1 


LOGIC OPERATIONS # 1 


OR 


OR 


F1 


M(R(X)) OR D-*D 


OR IMMEDIATE 


ORI 


F9 


M(R(P)) OR D-*D; 
R(P)-(-1-R(P) 


EXCLUSIVE OR 


XOR 


F3 


M(R(X)) XOR D-*D 


EXCLUSIVE OR IMMEDIATE 


XRI 


FB 


M(R(P)) XOR D-*D; 
R(P)+1-R(P) 


AND 


AND 


F2 


M(R(X)) AND D-D 


AND IMMEDIATE 


ANI 


FA 


M(R(P)) AND D-D; 
R(P)+1-R(P) 


SHIFT RIGHT 


SHR 


F6 


SHIFT D RIGHT, LSB(D)-DF. 
O-MSB(D) 


SHIFT RIGHT WITH CARRY 


SHRC 


76§ 


SHIFT D RIGHT, LSB(D)-*DF, 
DF-MSB(D) 


RING SHIFT RIGHT 


RSHR ) 






SHIFT LEFT 


SHL 


FE 


SHIFT D LEFT, MSB(D)-DF, 
0-*LSB(D) 


SHIFT LEFT WITH CARRY 


SHLC ) 


7E§ 


SHIFT D LEFT, MSB(D)-*DF, 
DF-LSB(D) 


RING SHIFT LEFT 


RSHL ) 







I 
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TABLE I — INSTRUCTION SUMMARY (Confd) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


ARITHMETIC OPERATIONS f I 


ADD 


ADD 


F4 


M(R(X))+D-DF, D 


ADD IMMEDIATE 


ADI 


FC 


M(R(P))+D-DF,D; R(P)+1-R(P) 


ADD WITH CARRY 


ADC 


74 


M(R(X))+D+DF-DF, D 


ADD WITH CARRY, IMMEDIATE 


ADCI 


70 


M(R(P))+D+DF-*DF, D 
R(P)+1-R(P) 


SUBTRACT D 


SD 


F5 


M(R(X))-D-DF, D 


SUBTRACT D IMMEDIATE 


SDI 


FD 


M(R(P))-D-DF, D; 
R(P)+1-R(P) 


SUBTRACT D WITH BORROW 


SDB 


75 


M(R(X))-D-(NOT DF)-DF, D 


SUBTRACT D WITH 


SDBI 


7D 


M(R(P))-D-(NOT DF)-DF, D; 


BORROW, IMMEDIATE 






R(P)+1-R(P) 


SUBTRACT MEMORY 


SM 


F7 


D-M(R(X))-*DF, D 


SUBTRACT MEMORY IMMEDIATE 


SMI 


^ PF 


D-M(R(P))-DF, D; 
R(P)-I-1-R(P) 


SUBTRACT MEMORY WITH BORROW 


SMB 


77 


D-M(R(X))-(NOT DF)-DF, D 


SUBTRACT MEMORY WITH 


SMBi 


7F 


D-M(R(P))-(NOT DF)-*DF, D 


BORROW. IMMEDIATE 






R(P)+1-R(P) 


BRANCH INSTRUCTIONS—SHORT BR> 


\NCH 






SHORT BRANCH 


BR 


30 


M(R(P))-R(P).0 


NO SHORT BRANCH (SEE SKP) 


NBR 


38§ 


R(P)+1-R(P) 


SHORT BRANCH IF D=0 


BZ 


32 


IF D=0, M(R(P))-R(P).0 
ELSE R(P)+1-R(P) 


SHORT BRANCH IF D NOT 


BNZ 


3A 


IFDNOTO, M(R(P))-R{P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF DF=1 


BDF ) 


33§ 


IFDF=1.M(R(P))-R(P).0 


SHORT BRANCH IF PCS OR ZERO 


BPZ [ 




ELSE R(P)+1-*R(P) 


SHORT BRANCH IF EQUAL OR 


BGE ) 






GREATER 








SHORT BRANCH IF DF=0 


BNF \ 


3B§ 


IF DF=0. M(R(P))-R(P).0 


SHORT BRANCH IF MINUS 


BM V 




ELSE R(P)-f-T-R(P) 


SHORT BRANCH IF LESS 


BL ) 






SHORT BRANCH IF Q=F 


BQ 


31 


IFQ=1,M(R(P))-*R(P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF Q=0 


BNQ 


39 


IF 0=0, M(R(P))-R(P).0 
ELSER(P)-f1-R(P) 


SHORT BRANCH IF EF1=1 


B1 


34 


IFEF1=1,M(R(P))-*R(P).0 


(EF1=Vss) 






ELSER(P)+1-R(P) 


SHORT BRANCH IF EF1=0 


BN1 


3C 


IFEF1=0, M(R(P))-R(P).0 


(EF1=Vcc) 






ELSE R(P)+1--R(P) 


SHORT BRANCH IF EF2=1 


B2 


35 


IFEF2=1.M(R(P)r-*R(P).0 


(EF2=Vss) 






ELSE R(P)+1-*R(P) 


SHORT BRANCH IF EF2=0 


BN2 


3D 


IF EF2=0, M(R(P))-R(P).0 


(EF2=Vcc) 






ELSE R(P)+1-R(P) 


SHORT BRANCH IF EF3=1 


B3 


36 


IFEF3=1,M(R(P)HR(P).0 


(EF3=Vss) 






ELSE R(P)-h1-*R(P) 


SHORT BRANCH IF EF3=0 


BN3 


3E 


IF EF3=0, M(R(P))-R(P).0 


(EF3=Vcc) 






ELSE R(P)+1--R(P) 
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TABLE I - INSTRUCTION SUMMARY (Conf d) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


BRANCH INSTRUCTIONS— SHORT BRANCH 


SHORT BRANCH IF EF4=1 


B4 


37 


IFEF4=1,M(R(P))-R(P).0 


(EF4=Vss) 






ELSE R(P)-h1-R(P) 


SHORT BRANCH IF EF4=0 


BN4 


3F 


IF EF4=0, M(R(P))-R(P).0 


(EF4=Vcc) 






ELSE R(P)+1-R(P) 


BRANCH INSTRUCTIONS-LONG BRANCH 


LONG BRANCH 


LBR 


CO 


M(R(P)HR(P).1 
M(R(P)+1)-R(P).0 


NO LONG BRANCH (SEE LSKP) 


NLBR 


C8§ 


R(P)+2-R(P) 


LONG BRANCH IF D=0 


LBZ 


02 


IF D=0. M(R(P))-R(P).1 

M(R(P)+1)-R(P).0 
ELSE R(P)-l-2-R(P) 


LONG BRANCH IF D NOT 


LBNZ 


CA 


IF D NOT 0, M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF=1 


LBDF 


03 


IFDF=1,M(R(P))-*R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF=0 


LBNF 


CB 


IF DF=0. M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF 0=1 


LBQ 


01 


IFQ=1,M(R(P)HR(P).1 

M(R(P)4-1)-R(R).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF Q=0 


LBNQ 


09 


IF Q=0. M(R(P)HR(P).1 

M(R(P)+1)-*R(P).0 
ELSE R(P)-l-2-R(P) 


SKIP INSTRUCTIONS | 


SHORT SKIP (SEE NBR) 


SKP 


38§ 


R(P)+1-R(P) 


LONG SKIP (SEE NLBR) 


LSKP 


C8§ 


R(P)+2-R(P) 


LONG SKIP IF D=0 


LSZ 


CE 


IF D=0, R(P)-l-2-R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 


LSNZ 


06 


IF D NOT 0. R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF=1 


LSDF 


OF 


IFDF=1,R(P)-l-2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF=0 


LSNF 


07 


IF DF=0, R(P)-f2-R(P) 
ELSE CONTINUE 


LONG SKIP IF 0=1 


LSQ 


CD 


IF0=1,R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF Q=0 


LSNQ 


05 


IF Q=0. R(P)-l-2-R(P) 
ELSE CONTINUE 


LONG SKIP IF IE=1 


LSIE 


CO 


IFIE==1,R(P)+2-*R(P) 
ELSE CONTINUE 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 







OP 




INSTRUCTION 


MNEMONIC 


CODE, 


OPERATION 


CONTROL INSTRUCTIONS 1 


IDLE 


IDL 


00# 


WAIT FOR DMA OR INTERRUPT; 
M(R(0))-BUS 


NO OPERATION 


NOP 


C4 


CONTINUE 


SETP 


SEP 


DN 


N-P 


SETX 


SEX 


EN 


N-X 


SETQ 


SEQ 


7B 


1--Q 


RESET Q 


REG 


7A 


0-Q 


SAVE 


SAV 


78 


T-M(R(X)) 


PUSH X,P TO STACK 


MARK 


79 


(X,P)-T; (X,P)^M(R(2)) 
THENP-X;R(2)-1-R(2) 


RETURN 


RET 


70 


M(R(X))-(X,P): R(X)+1-R(X) 
1-IE 


DISABLE 


DiS 


71 


M(R(X))-(X,P); R(X)+1-R(X) 
0-1 E 


INPUT-OUTPUT BYTE TRANSFER 1 


OUTPUT 1 


0UT1 


61 


M(R(X))-BUS;R(X)+1-R(X); N LINES=1 


OUTPUT 2 


OUT 2 


62 


M(R(X))-BUS;R(X)-f-1-*R(X); N LINES=2 


OUTPUT 3 


OUT 3 


63 


M(R(X))~*BUS:R(X)+1-R(X); N LINES=3 


0UTPUT.4 


OUT 4 


64 


M(R(X))-*BUS:R(X)+1-*R(X); N LINES=4 


OUTPUT 5 


OUTS 


65 


M(R(X))-BUS;R(X)+1-R(X); N LINES=5 


OUTPUT 6 


OUT 6 


66 


M(R(X))-*BUS:R(X)+1--R(X); N LINES=6 


.OUTPUT 7 


OUT 7 


67 


M(R(X))-*BUS:R(X)+1-R(X); N LINES=7 


INPUT 1 


INP1 


69 


BUS-M(R(X)); BUS-D; N LINES=1 


INPUT 2 


INP2 


6A 


BUS--M(R(X)); BUS-D; N LINES=2 


INPUT 3 


IMP 3 


68 


BUS-M(R(X)); BUS-D; N LINES=3 


INPUT 4 


INP4 


60 


BUS-M(R(X)); BUS-D; N LINES=4 


INPUT 5 


INP5 


6D 


BUS-M(R(X)); BUS-D; N LINES=5 


INPUTS 


INP6 


6E 


BUS-M(R(X)); BUS-D; N LINES=6 


INPUT 7 


INP7 


6F 


BUS-M(R(X)); BUS-D; N LINES=7 



Notes 

/the ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF. AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 

DF=0 DENOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBTRACT INSTRUCTION: 

DF=1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 

DF=0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 

THE SYNTAX "-(NOT DF)" DENOTES THE SUBTRACTION OF THE BORROW 

§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 

<>AN IDLE IN S TRUCTIO N I NITIATES A REPEATING S1 CYCLE THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST 
(INTERRUPT. DMA-IN, OR DMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED 
AND THE I/O REQUEST IS SERVICED. AND THEN NORMAL OPERATION IS RESUMED. 
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Notes for TABLE I 
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1. Long-Branch, Long-Skip and No Op instructions are 
the only Instructions that require three cycles to 
complete (1 fetch +2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 

a) Branch unconditionaMy 

b) Test for D=0 or.D°0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded In the 
high- and low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition Is not met, the branching 
address bytes are skipped over, and the next in- 
struction in sequence is fetched and executed. This 
operation is taken for the case of unconditional no 
branch (NLBR). 

2. The short-branch instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 

The short-branch instruction can: 

a) Branch unconditionally 

b) Test for D=0 or D°0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) Test the status (1 or 0) of the four EF flags 

f) Effect an unconditional no branch 

If the tested condition Is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program 



counter. This effects a branch within the current 266- 
byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition Is not met, 
the branching address byte is skipped over, and the 
next instruction in sequence Is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 

The skip instructions are one byte long. There Is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip Instruction takes 2 cycles 
to complete (1 fetch 4- 1 execute). Its action is to skip 
over the byte following It. Then the next Instruction In 
sequence Is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte Is not 
considered part of the program. 

The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 

They can: 

a) Skip unconditionally 

b) Test for D=0 or D«0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) TestforlE=1 

If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition Is not met, then no action Is taken. 

Execution is continued by fetching the next Instruction 
in sequence. 
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nCA CMOS LSI Products 



CDP1802A, CDP1802AC 

CLOCK \g/^^ XjoJ u W/zi W/31 W/41 W/51 W/e, W/yi W/qA 




NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 
WAVEFORMS 

3. SHADED AREAS INDICATE "DON'T CARE" OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 



92CL-33869RI 



Fig. 12 - Timing waveforms. 
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1800-Series Microprocessors and Microcomputers 



CDP1802A, CDP1802AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85*»C, Cl=50 pF, VDD=tS%* •xcept at noted. 



CHARACTERISTIC 


vcc 

(V) 


Vqd 

(V) 


LIRf 


ITS 


UNITS 


Typ.* 


Max. 


Propagation Delay Times: 


















6 


5 


200 


300 




Clock to TPA, TPB 


tPLH. tpHL 


5 


10 


150 


250 








10 


10 


100 


150 








5 


5 


600 


850 


Clock-to-Memory High-Address Byte 


tpLH. tPHL 


6 


10 


400 


600 








10 


10 


300 


400 








5 


5 


250 


350 


Clock-to-Memory Low-Address Byte Valid 


tPLH. tpHL 


5 


10 


150 


250 








10 


10 


100 


150 








5 


5 


200 


300 


Clock to MRD 


tPHL 


5 


10 


150 


250 








10 


10 


100 


150 




Clock to MRD 


tPLH 


5 
5 


5 
10 


200 
150 


360 
290 






10 


10 


100 


175 




Clock to MWR 


tPLH. tpHL 


5 
5 


5 
10 


200 
150 


300 
250 






10 


10 


100 


150 








5 


5 


300 


450 


Clock to (CPU DATA to BUS) Valid 


tPLH. tpHL 


5 


10 


250 


350 








10 


10 


100 


200 


ns 






5 


5 


300 


450 


Clock to State Code 


tPLH. tpHL 


5 


10 


250 


350 








10 


10 


150 


250 








5 


5 


250 


400 


Clock to Q 


tPLH. tpHL 


5 


10 


150 


250 








10 


10 


100 


150 








5 


5 


300 


550 


Clock to N (0-2) 


tPLH. tpHL 


5 


10 


200 


350 








10 


10 


150 


250 




Minimum Setup and Hold Times: 
















5 


5 


-20 


25 




Data Bus Input Setup 


tsu 


6 


10 





50 








10 


10 


-10 


40 








5 


5 


150 


200 


Data Bus Input Hold 


tn" 


5 


10 


100 


125 








10 


10 


75 


100 




DMA Setup 


tsu 


5 
5 


6 
10 






30 
20 






10 


10 





10 








6 


5 


150 


250 


DMA Hold 


tn" 


5 


10 


100 


200 








10 


10 


75 


125 








5 


5 


-75 





Interrupt Setup 


tsu 


5 


10 


-50 











10 


10 


-25 








Typical values are for Ta=25°C and nominal Vqd- 

Maximum limits of minimum characteristics are the values above which ail devices function. 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 

DYNAMIC ELECTRICAL CHARACTERISTICS 



(Cont'd) 



CHARACTERISTIC 


vcc 

(V) 


vdd 

(V) 


LIMITS 


UNITS 


Typ.* 


Max. 


Minimum Setup and Hold Times: 
Interrupt Hold tn" 


5 
5 
10 


5 
10 
10 


100 
75 
50 


150 
100 
75 


ns 


WAIT Setup tsu 


5 
5 
10 


5 

10 
10 


10 

-10 




50 
15 
25 




5 
5 
10 


5 

10 
10 


-30 
-20 
-10 


20 
30 
40 


EF1-4 Setup tsu 




5 
5 
10 


5 

10 
10 


150 
100 
75 


200 
150 
100 


EF1-4 Hold Xh* 


Minimum Pulse Width Times: 


5 
5 
10 


5 

10 
10 


150 
100 
75 


300 
200 
150 


CLEAR Pulse Width twi" 




5 
5 

10 


5 

10 
10 


125 
100 
60 


150 
125 
75 


CLOCK Pulse Width twL 



Typical values are for Ta=25'*C and nominal Vpo- 

Maximum limits of minimum characteristics are the values above which all devices function. 



TIMING SPECIFICATIONS as a function of T (T=1/fcL0CK) «< Ta=-40 to +85° C. 










CHARACTERISTIC 


Vcc 

(V) 


Vdd 

(V> 


LIMITS 1 


UNITS 


MIn. 


Typ.* 


High-Order Memory-Address Byte 




5 


5 


2T-550 


2T-400 




Set Up to TPA y Time 


^SU 


5 


10 


2T-350 


2T-250 








10 


10 


2T-250 


2T-200 




High-Order Memory-Address Byte 




5 


5 


T/2-25 


T/2-15 


Hold after TPA Time 


tH 


5 


10 


T/2-35 


T/2-25 








10 


10 


T/2-10 


T/2+0 




Low-Order Memory-Address Byte 




5 


5 


T-30 


T+0 


Hold after WR Time 


tH 


5 


10 


T-20 


T+0 


ns 






10 


10 


T-10 


T+0 




CPU Data to Bus Hold 




5 


5 


T-200 


T-150 


after WR Time 


tH 


5 


10 


T-150 


T-100 








10 


10 


T-100 


T-50 




Required Memory Access Time 




5 


5 


5T-375 


5T-250 


Address to Data 


tACC 


5 


10 


5T-250 


5T-150 








10 


10 


6T-190 


5T-100 





Typical values are for Ta=25°C and nominal Vdd- 
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1800-Series Microprocessors and Microcomputers 



CDP1802A, CDP1802AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES OURINQ 











ALLM/ 


CHINE STAT 


IS 




















DATA 


MEMQRY 






N 




STATE 


i 


N 


MNEMONIC 


OPERATION 


BUS 


ADDRESS 


MRD 


MWR 


LINES 


NOTiS<> 


S1 


RESET 


0-*I.N,Q.X,P; 
1HE 


00 


XXXX 


1 


1 





A 


S1 


INITIALIZE 

NOT PROGRAMMER 

ACCESSIBLE 


0000-R 


00 


XXXX 


1 


1 


P 


B 


SO 


FETCH 


MRPH. N; 
RP+1-RP 


MRP 


RP 





1 





C 










IDL 


IDLE 


MRO 


RO 





1 





D.3 





1-F 


LDN 


MRN-O 


MRN 


RN 





1 





3 


1 


0-F 


INC 


RN+1-RN 


FLOAT 


RN 


1 


1 





1 


2 


0-F 


DEC 


RN-1-RN 


FLOAT 


RN 


1 


1 





1 


3 


O-F 


SHORT 


TAKEN; 




















BRANCH 


MRP-*RP.O 


MRP 


RP 





1 





3 










NOT TAKEN; 




















RP+I-RP 














4 


0-F 


LDA 


MRN--D; 


MRN 


RN 





1 





3 


S1 








RN4-1-RN 














5 


0-F 


STR 


D-MRN 


D 


RN 


1 








2 


6 





IRX 


RX+1-RX 


MRX 


RX 





1 





2 




1 


0UT1 












1 








2 


OUT 2 












2 








3 


OUT 3 












3 








4 


OUT 4 


MRX-BUS; 


MRX 


RX 





1 


4 


6 






5 


OUTS 


RX+1-RX 










5 








6 


OUT 6 












6 






6 


7 


OUT 7 












7 




9 


INP1 




DATA 








1 








A 


INP2 




FROM 








2 








B 


INP3 




I/O 








3 








C 


INP4 


BUS-MRX.D 


DEVICE 


RX 


1 





4 


5 






D 


INP5 












5 








E 


INP6 












6 








F 


INP7 












7 









RET 


MRX-(X.P); 


MRX 


RX 





1 





3 










RX+1--RX; 1-IE 














1 


DIS 


MRX-(X,P); 


MRX 


RX 





1 





3 




7 






RX-f 1-RX; 0-1 E 














2 


LDXA 


MRX-D; 


MRX 


RX 





1 





3 










RX+1-RX 














3 


STXD 


D-MRX; 


D 


RX 


1 








2 










RX~1-RX 














4 


ADC 


MRX+D+ 


MRX 


RX 





1 





3 










DF-DF.D 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONrD) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


NOTESQ 


S1 


7 


5 


SDB 


MRX-D- 
DFN-DF.D 


MRX 


RX 





1 





3 


6 


SHRC 


LSB{D)-DF: 
DF-MSB(D) 


FLOAT 


RX 


1 


1 





1 


7 


SMB 


D-MRX- 
DFN-DF.D 


MRX 


RX 





1 





3 


8 


SAV 


T-MRX 


T 


RX 


1 








2 


9 


MARK 


(X,P)-T. MR2; 
P-X:R2-1--R2 


T 


R2 


1 








2 


A 


REG 


0-Q 


FLOAT 


RP 


1 







1 


B 


SEQ 


1-Q 


FLOAT 


RP 


1 







1 


C 


ADCI 


MRP-l-D-f- 
DF-*DF,D; RP+1 


MRP 


RP 










3 


D 


SDBI 


MRP-D- 

DFN-DF.D; 

RP+1 


MRP 


RP 










3 


E 


SHLC 


MSB(D)-*DF: 
DF-LSB(D) 


FLOAT 


RP 


1 







1 


F 


SMBI 


D-MRP- 

DFN-DF,D; 

RP+1 


MRP 


RP 










3 


8 


0-F 


GLO 


RN.0--D 


RN.O 


RN 


1 









9 


0-F 


GHI 


RN.1-*D 


RN.1 


RN 


1 









A 


0-F 


PLO 


D-RN.O 


D 


RN 


1 









B 


0-F 


PHI 


D-RN.1 


D 


RN 


1 









S1#1 


C 


0-3. 
8-B 


LONG 
BRANCH 


TAKEN: MRP-B; 
RP+1-RP 


MRP 


RP 












#2 


TAKEN: B-RP.1; 
MRP-RP.O 


M(RP+1) 


RP+1 












S1#1 


NOT TAKEN: 
RP+1-RP 


MRP 


RP 












#2 


NOT TAKEN: 
RP+1-RP 


M(RP+1) 


RP+1 












S1#1 


5 
6 
7 

D 
E 
F 


LONG 
SKIP 


TAKEN: RP+1-RP 


MRP 


RP 












#2 


TAKEN: RP+1-*RP 


M(RP+1) 


RP+1 












S1#1 


NOT TAKEN: 
NO OPERATION 


MRP 


RP 












#2 


NOT TAKEN: 
NO OPERATION 


MRP 


RP 












S1#1 


4 


NOP 


NO OPERATION 


MRP 


RP 












#2 


NO OPERATION 


MRP 


RP 
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1800-Series Microprocessors and Microcomputers 



CDP1802A, CDP1802AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONrO) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


NOTES* 


S1 


D 


0-F 


SEP 


N-P 


NN 


RN 


1 


1 





1 


E 


0-F 


SEX 


N-X 


NN 


RN 


1 


1 





-f 


F 





LDX 


MRX-D 


MRX 


RX 





1 





3 


1 
2 
3 
4 
5 
7 


OR 
AND 
XOR 
ADD 
SD 
SM 


MRX OR D-D 
MRX AND D-D 
MRX XOR D-D 
MRX+D-DF.D 
MRX-D-DF.D 
D-MRX-DF.D 


MRX 


RX 





1 





3 


6 


SHR 


LSB(D)-DF: 
O-MSB(D) 


FLOAT 


RX 


1 


1 





1 


8 
9 
A 
B 
C 
D 
F 


LDI 
OR! 
ANI 
XRI 
ADI 
SDI 
SMI 


MRP-D; 

RP+1-RP 
MRP OR D-D; 

RP+I-RP 
MRP AND D-D; 

RP+1-RP 
MRP XOR D-D; 

RP+1-RP 
MRP-I-D-DF.D; 

RP+1-RP 
MRP-D-DF.D; 

RP+1-RP 
D-MRP-DF,D; 

RP+1-RP 


MRP 


RP 





1 





3 


E 


SHL 


MSB(D)-DF; 
O-LSB(D) 


FLOAT 


RP 


1 


1 





1 


S2 


DMA IN 


BUS-MRO; 
R0+1-R0 


DATA FROM 
I/O DEVICE 


RO 


1 








F. 7 


DMA OUT 


MRO-BUS; 
R0+1-R0 


MRO 


RO 





1 





F,8 


S3 


INTERRUPT 


X.P-T; 0-IE 
1-P;2-X 


FLOAT 


RN 


1 


1 





9 


S1 


LOAD 


IDLE 


M(R0-1) 


RO-1 





1 





E.3 






1 


(CLEAR, WAIT=0) 



NOTES: 

A. IE=1, TPA, TPB suppressed, state=S1. 

B. BUS=0 for entire cycle. 

C. Next state always 31. 

D. Wait for DMA or INTERRUPT. 

E. Suppress TPA, wait for DMA. 

F. IN REQUEST has priority over OUT REQUEST. 

G. Number refers to machine cycle. See Fig. 14 timing waveforms for machine cycles 1 through 9. 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 



0t?34 56/012345670123456701234567 1234 

CLOCK onjojTJTXTriJijarijxrLnjTJiJTjTnjTrLr^^ 



J-L 



J-L 



MACHINE • 
CYCLE 



I CYCLE in* 3) | dvCLE (n ♦ 41 ' 



X 



X 



CYCLE (n + 2) 



MA HIGHADDJ LOW ADDRESS |hiGHADD} LOW ADDRESS [hiGHADD^ LOW ADDRESS JhIGH ADDJ LOWAODRESS ^^^GHADD^ LOW 

General timing waveforms. 



X 



FETCH (SO) I EXECUTE (81) | FETCH (SO) 



INSTRUCTION 



FETCH (SOI 



EXECUTE (SI) 



-MEMORY READ CYCLE- 
~1 „ 



-NON MEMORY CYCLE - 



ALLOWABLE MEMORY ACCESS LvalID OUTPUT 

No. 1 Non-memory-cycle timing waveforms. 



vmm, 



-VALID OUTPUT 



I FETCH (SO) { EXECUTE (SI) \ FETCH (SO) 



INSTRUCTION 



FETCH (SOI 



-MEMORY READ CYCLE 



-MEMORY WRITf CYCLF- 



^^r/ iMK^^^s^: 



ALLOWABLE MEMORY ACCESS ' VALID OUTPUT 



CPU OUTPUT . 



- MEMORY READCYCLE- 



- MEMORY WRITE CYCLE - 



-MEMORY 
, READ 
ICVCLE 



1 r 



t^y/y/y/y/y. 



-VALID OUTPUT 



[ VAllDDArA { 



I VALID DATA { OFF 



A/0. 2 Memory write-cycle timing waveforms. 



INSTRUCTION | FETCH (SO) 



FETCH (SO) I EXECUTE (SI) \ FETCH (SoT" 



FXLCUTE (SI) 



-MEMORY READ CYCLE- 



- MEMORY REA(3 CYCLF - 



- MEMORY READ CYCLE ■+• — MEMORY READ CYCLE- 



MEMORY 

READ 

CYCLE 



MWR (HIGH) 



VA'//////////////, 



ALLOWABLE MEMORY ACCESS 



vA//////////////\w tk I -^'Awm^^^'^^^^' [1 I 



- VALID OUTPUT 



-VALID OUTPUT 



^ VALID OUTPUT L. 



VALID OUTPUT 



Ho. 3 Memory read-cycle timing waveforms. 



INSTRUCTION I FETCH (SO) 



EXECUTE (SI) I " 



(S1) I FETCH (SO) I EXECUTE (SI) 



-MEMORY READ CYCLE - 



- MEMORY READ CYCLE - 



-MEMORY READ CYCLE h 



-MEMORY READCYCLE- 



■ MEMORY 
READ 
CYCLE 



MEMORY 
OUTPUT 



'X '///////////// A w^/m/y''//y'y// /A ^/A'////////y^^m ^/^/^// /////////a 

^Dl c MCMHRv ArrF<;c: ^ VALID OUTPUT ^ VALID OUTPUT ^ VALID OUTPUT ' 



ALLOWABLE MEMORY ACCESS VALID OUTPUT 

No. 4 Long-branch or long-skip-cycle timing waveforms. 

"Don't Care" or internal dcUv* ^^^H High impctidncf sidtc 



my/m 



92CL-29600 



Fig. 13 - Machine-cycle timing waveforms {propagation delays not shown). 
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1800-Series Microprocessors and Microcomputers 



CDP1802A, CDP1802AC 



012345670123456701 

ciocK njTJTji_njiJiJijnjnjnjijnjijnjiJT^ 



TPA ^ 
TPB 
MACHINE CYCLE ^ 
INSTRUCTION 



MRD 
N0-N2 _ 

MWR 

MEMORY ' 
OUTPUT , 



CYCLE (n-^ 1) 



EXECUTE (SI) 



V//X^///////////////A 



c; 



ALLOWABLE MEMORY ACCESS ' VALID OUTPUT 

BBBBBMBBBBBB K valid data from input device 



WRITE CYCLE 



'User-generated signal 



Ho. 5 Input-cycle timing waveforms. 



92CS- 29601 



01234567012345670 1 

CLOCK T_rLJ-iJTjnjnj-LriJTjn_njnjnjnjnjijn^ 

TPA 

TPB 



MACHINE * 
CYCLE 

INSTRUCTION , 

MRD 

NO- N2 



CYCLE (n^ 1) 



EXECUTE (SI) ^ 



N- 1 -7 \__ 

ALLOWABLE MEMORY ACCESS 




DATA STROBE* 
(MRD • TPB • N) 



'User-generated signal 

"Don't Care" or internal delays, 

High-impedance state 



92CS-29602 



No. 6 Output-cycle timing waveforms. 

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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RCA CMOS LSI Products 



CDP1802A, CDP1802AC 

123456 70123456701234567012345870 

CLOCK TjTjTjHjijxnjiJTJTjTnjxnjTJxriJ^^ 



TPA^ 
TPB 



I 



INSTRUCTION T 



CVCLEjn^?) 



EXECUTE (SI) 



p?T<?H<$q| 



5i^^- TFTTFTTF///////////////////////////////^^^^^ 



Y///////////////////1 



V////////////////77?77m 



"L 



MEMORY 
OUTPUT 



V//////////////, 



f 



W///////////////7M 



m//X//////y//777Z 



VALID OUTPUT 



VALID OUTPUT 



f 



VALID DATA FROM INPUT DEVICE 



MEMORY 
" READ cycle" 



MEMORY 
-READ, WRITE OR 



NON-MEMORY CYCLE 



MEMORY 

"write cycle' 



MEMORY 
" READ CYCLE " 



'User generated signal 



92CS-29603 



A/0. 7 DMA'IN-cycle timing waveforms. 



01234567012345670123456 70123 

CLOCK IJlJlJTJTJTJlJXnJlJlJTJlJlJlJlJlJTJT^^ 



TPA _ 

TPB . 
MACHINE - 



J—L 



CYCLE I_ 

instruction T" 



CYCLE (n+1) I CYCLE (n^ 2) | CYCLE (n t- 3) 



DMAOUT* 



Y/////////////////////////////////////////////////A 



jzzzzzzzzzzzzzzzzr 



V//////A 



MWR 
MEMORY . 

output : 



\ > 



\//^//////////A I ■■ y//////////////^ warn €it 

L- VALID OUTPUT VALID DATA FROM MEMORY ^_- 



STROBE I 
(S2 • TPB) I 



READ CYCLE 



MEMORY 
- READ, WRITE OR - 



NON MEMORY CYCLE 



READ CYCLE 



'User-generated signal 



92CM-29604RI 



No. 8 DMA'OUT-cycle timing waveforms. 



01 234 56701 234 56701234 56701 2345670 

CLOCK njTjnxuijn^njnjiJiJTJiJTru"^^ 



TPA 
TPB 



J~L 



MACHINE • 
CYCLE 



CYCLE (n t- 3) 



INSTRUCTION | FJETCH (SoT 



EXECUTE (SI) 



INTERRUPT (S3) 



MRD 
MWR 



_r 



(INTERNAL) IE " 



y///////////////////////////////////////////^^^^ 



MEMORY I 
OUTPUT I 



- VALID OUTPUT 



^ 



1^ MEMORY 

P READ CYCLE 

'User-generated signal 

I "Don't Care" or internal delays. 



_ MEMORY READ, WRITE . 
OR NON-MEMORY CYCLE j 



-NON-MEMORY CYCLE 




^^H High-impedance state 

No. 9 INTERRUPT-cycle timing waveforms. 

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 



92CM- 29605 
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ISOO-Serles Microprocessors and Microcomputers 
CDP1802A, CDP1802AC 




208-216 
(5283-5486) 



I 



(4. 013- 4. 216) 



Dimensions in parentlieses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils {10~~^ inch). 



The photographs and dimensions of each CMOS chip represent a 
chip when it is part of the wafer. When the wafer is cut into chips, 
the cleavage angles are 57^* instead of 90° with respect to the face 
of the chip. Therefore, the isolated chip is actually 7 mils (0. 1 7 mm) 
larger in both dimensions. 



Dimensions and pad layout for CDP1B02ACH. 
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Terminal Assignment 



Preliminary Data 

CIMOS 8-Bit l\/licroprocessor 

Features: 

■ Minimum instruction fetcti-Bxecute time of3.2fAS 
(maximum ciocl< frequency=5 MHz) at Vqd=5 V 

■ Any combination of standard RAM and ROM up to 65,536 bytes 

■ Operates witti siow memories, up to 775 ns access time at fcL^S MIHz 

■ 8-bit paraliei organization witli bidirectional 
data bus and multiplexed address bus 

■ 16x16 matrix of registers for use as 

multiple program counters, data pointers, or data registers 

■ On-cliip DMA, interrupt, and flag inputs 

■ Programmable single-bit output port 

■ 91 easy-to-use instructions 



The RCA-CDP1802BC LSI CMOS 8-bit register-oriented 
central-processing unit (CPU) Is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 

The CDP1802BC Includes all of the circuits required for 
fetching, interpreting, and executing instructions which 
have been stored In standard types of memories. Extensive 
Input/output (I/O) control features are also provided to 
facilitate system design. 

The 1800 series architecture Is designed with emphasis on 
the total microcomputer system as an integral entity so that 



systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn- 
chronous interface to memories and external controllers 
for I/O devices, and minimizes the cost of Interface con- 
trollers. Further, the I/O Interface is capable of supporting 
devices operating In polled, interrupt-driven, or direct 
memory-access modes. 

The CDP1802BC has a recommended operating voltage 
range of 4 to 6.5 volts. These types are supplied in 40-lead 
dual-in-line side-brazed ceramic packages (D suffix), and 
40-lead dual-in-line plastic packages (E suffix). 
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Fig. 1 - Typical CDP1802BC small microprocessor system. 
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MAXIMUM RATINGS, Absolute-Max/mum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpo): 
(All voltages referenced to Vss terminal) 
CDP1802BC -0.5 to 4-7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60*»C (PACKAGE TYPE E) 500 mW 

For Ta=-I-60 to +85'»C (PACKAGE TYPE E) Derate Linearly at 12 mW/'C to 200 mW 

For Ta=-65 to -l-IOO'^C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to +125«C (PACKAGE TYPE D) Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to -l-125»C 

PACKAGE TYPE E -40 to -l-85«C 

STORAGE TEMPERATURE RANGE (Tgtg) -05 to +150*C 

LEAD TEMPERATURE (DURING SOLDERING):- 
At distance 1/16±1/32 in. (1.59±0.79 mm) from case for 10 s max +265«C 

OPERATING CONDITIONS at Ta=-40^C to +85*»C 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



I 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vcci 

(V) 


vdd 

(V) 


CDPK 
MIn. 


K)2BC 

Max. 


DC Operating Voltage Range 


— 


— 


4.0 


6.5 


V 


Input Voltage Range 


— 


— 


Vss 


Vdd 


Maximum Clock Input Rise or Fall Time, tr.tf 


4 to 6.5 


4 to 6.5 


— 


1 


AfS 


Minimum Instruction Tlme2 


5 


5 


3.2 


— 


Maximum DMA Transfer Rate 


5 


5 


— 


667 


KBytes/8 


Maximum Clock Input Frequency, fcL 
Load Capacitance (Cl)=50 pF 


5 


6 


DC 


5 


MHz 



"*Vcc "^ust never exceed Vdd- 

^Equals 2 machine cycles— one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles— one Fetch and two Execute operations. 



« 8 

h 

6 ^ 

Z 3 

1' 
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LOAD CAPACITANCE ( Cl)- 50 pFq 
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92CS-34662 



25 SO 75 100 125 ISO ITS 200 
LOAD CAPACITANCE (CL)-pF 



Fig. 2 - Typical maximum cloci( frequency 
as a function of temperature. 



Fig. 3 - Typical transition time vs. load 
capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, except as noted. 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


VoUT 
(V) 


V|N 
(V) 


vcc. 
Vqd 

(V) 


CDP1802BC 


MIn. 


Typ.* 


Max. 


Quiescent Device Current Iqd 


— 


— 


5 


— 


1 


200 


//A 


Output Low Drive (Sink) Current Iql 
(Except XTAL) 


0.4 


0.5 


5 


1.1 


2.2 


— 


mA 


XTAL 


0.4 


5 


5 


170 


350 


— 


//A 


Output Higli Drive (Source) Current loH 
(Except XTAL) 


4.6 


0.5 


5 


-0.27 


-0.55 


— 


mA 


XTAL 


4.6 





5 


-125 


-250 


— 


//A 


Output Voltage Low-Level Vql 


— 


0.5 


5 


— 





0.1 


V 


Output Voltage High Level Vqh 


— 


0,5 


5 


4.9 


5 


— 


Input Low Voltage V|l 


0.5,4.5 


— 


5 


— 


— 


1.5 


Input High Voltage V|h 


0.5,4.5 


- 


5 


3.5 


— 


— 


CLEAR Input Voltage Vh 
Schmitt Hysteresis 


- 


- 


5 


0.4 


0.5 


— 


Input Leakage Current l|N 


Any 
Input 


0,5 


5 


- 


±10-4 


±1 


M 


3-State Output Leakage Current loUT 


0,5 


0,5 


5 


— 


±10-4 


±1 


Total Power Dissipation, f=5 MHzA 


— 


— 


5 


— 


15 


30 


mW 


Minimum Data Retention Voltage Vqr 


vdd=vdr 


— 


2 


2.4 


V 


Data Retention Current Iqr 


Vdd=2.4 V 


- 


0.5 


- 


M 


Input Capacitance Cjn 




— 


5 


7.5 


PF 


Output Capacitance CquT 




— 


10 


15 



•Typical values are for Ta=25°C and nominal Vqd- 
Aldle "GO" at M(OOOO), Cl=50 pF. 
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DRAIN-TO-SOURCE VOLTAGE (Vos)-V 



F\g. 4 - Minimum output high (source) current characteristics. 



Fig. 5 - Minimum output low (sinf<) current characteristics. 
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F\g. 6 - Typical power dissipation as a function of clocl< 
frequency for BRANCH instruction and IDLE instruction. 



MEMORY ADDRESS LINES I/O FLAGS 
i . L 



A LOAD CAPACITANCE (ACl)-pF , 

Fig. 7 - Typical change In propagation delay as a 
function of a change in load capacitance. 
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REGISTER 
ARRAY 

R 1 



LATCH 

AND 

DECODE 



8- BIT BIDIRECTIONAL DATA BUS 



► NO 

► Nl 

► N2^ 



I/O 
COMMANDS 



Fig. 8 - CDP1802BC block diagram. 
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Fig. 9 - Basic dc timing waveforms, one Instruction cycle. 
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SIGNAL DESCRIPTIONS 



BUS to BUS 7 (Data Bus): 

8-blt bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines): 

Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an I/O 
Instruction is being executed). The N bits are low at all times 
except when an I/O Instruction is being executed. During this 
time their state is the same as the corresponding 
bits in the N register. 

The direction of data flow is defined in the I/O instruction by 

bit N3 (internally) and is indicated by the level of the MRD 

signa l. 

MRD =Vr.r:: Data from I/O to CPU and Memory 

MRD=Vss: Data from Memory to I/O 

EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to "call the attention" of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 

INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CDP1802BC during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is set 
to 1; interrupt enable is reset to (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(0). 

Note: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
Interrupt. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU Is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=Vcc. L=VsS- 



State Type 


State Code Lines 


SC1 


SCO 


SO (Fetch) 


L 


L 


S1 (Execute) 


L 


H 


S2 (DMA) 


H 


L 


S3 (Interrupt) 


H 


H 



TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once In each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA Is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed In IDLE when the CPU is in the load mode. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low- 
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after the 
address lines have stabilized. 

MRD (Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during an I/O instruction. For additional information see 
Table I. 



Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. 

CLOCK: 

Input for externally generated single-phase clock. A typical 
clock frequency is 6 MHz at Vcc= Vdd= 5 volts. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crysta l is connected between terminals 1 and 39 (CLOCK and 
XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information, see ICAN-6565. 

WATT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 



CLEAR 


WAIT 


MODE 


L 
L 
H 
H 


L 
H 

L 
H 


LOAD 

RESET 

PAUSE 

RUN 



VdD> Vss» Vcc (Power Levels): 

The internal voltage supply Vqd 's isolated from the 
Input/Output voltage supply Vqc so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operati ng at lower voltage. V^c ^ ust be less than or 
equal to Vpo- All outputs swing from Vss to Vcc- "^^e 
recommended input voltage swing is Vss to Vqc- 
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ARCHITECTURE 



The CPU block diagram is shown in Fig. 8. The principal 
feature of this system Is a register array (R) consisting of 
sixteen 16-bit scratchpad registers. Individual registers in 
the array (R) are designated (selected) by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines); 

2. the D register (either of the two bytes can be gated to 
D); 

3. the increment/?lecrement circuit where It is increased 
or decreased by one and stored back in the selected 
16-bit register. 

The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

With two exceptions, CPU instructions consist of two 8- 
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second— and third if necessary— are execute 
cycles. During the fetch cycle the four bits in the P 
designator select one of the 1 6 registers R(P) as the current 
program counter. The selected register R(P) contains the 
address of the memory location from which the instruction 
is to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte are 
loaded into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto- 
matically Incremented by one so that R(P) is now "pointing" 
to the next byte In the memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of Instruction fetched: 

1. designate one of the 16 registers in Rto be acted upon 
during register operations; 

2. indicate to the I/O devices a command code or device- 
selection code for peripherals; 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch Instructions, or the specific operation 
required in a class of miscellaneous instructions (70-73 
and 78-7B); 

4. indicate the value to be loaded Into P to designate a new 
register to be used as the program counter R(P); 

5. indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer In three 
differeht ways: as program counters, as data pointers, oras 
scratchpad locations (data registers) to hold two bytes of 
data. 



Program Counters 

Any register can be the main program counter; the address 
of the selected register Is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to a subroutine. When Interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's Interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 



Data Pointers 

The registers In R may be used as data pointers to indicate a 
location In memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 

I): 

1. ALU operations F1-F5. F7, 74. 75, 77; 

2. output instructions 61 through 67; 

3. input Instructions 69 through 6F; 

4. certain miscellaneous instructions — 70-73, 78, 60, FO. 
The register designated by N (i.e., R(N)) points to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store D" Instruction 5N. The register designated by P 
(I.e., the program counter) is used as the data pointer for 
ALU Instructions F8-FD, FF, 7C, 7D, 7F. During these 
instruction executions, the operation is referred to as "data 
immediate". 

Another Important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current Instruction. Register 
R(0) Is always used as the data pointer during the DMA 
operation. The data Is read from (DMA-Out) or written Into 
(DMA-ln) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) Is Incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the 1800-serles 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 

Data Registers 

When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data Immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers In R to be used to hold 
general data. By employing increment or decrement Instruc- 
tions, such registers may be used as loop counters. 



The Q Flip Flop 

An internal flip flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 

Interrupt Servicing 

Register R(1 ) is always used as the program counter whenever 
interrupt servicing is Initiated. When an Interrupt request 
occurs and the interrupt is allowed by the program (again, 
nothing takes place until the completion of the current 
instruction), the contents of the X and P registers are stored 
in the temporary register T, and X and P are set to new values; 
hex digit 2 In X and hex digit 1 in P. Interrupt Enable is 
automatically de-activated to inhibit further interruptions. 
The user's Interrupt routine Is now In control; the contents of 
T may be saved by means of a single instruction (78) in the 
memory location pointed to by R(X). At the conclusion of the 
Interrupt, the user's routine may restore the pre-lnterrupted 
value of X and P with a single Instruction (70 or 71). The 
Interrupt-Enable flip flop can be activated to permit further 
Interrupts or can be disabled to prevent them. 



I 
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CPU Register Summary 



D 


8 Bits 


Data Register (Accumulator) 


DF 


1 Bit 


Data Flag (ALU Carry) 


B 


8 Bits 


Auxiliary Holding Register 


R 


16 Bits 


1 of 16 Scratchpad Registers 


P 


4 Bits 


Designates which register is 
Program Counter 


X 


4 Bits 


Designates which register Is 
Data Pointer 



N 


4 Bits 


Holds Low-Order Instr. Digit 


1 


4 Bits 


Holds High-Order Instr. Digit 


T 


8 Bits 


Holds old X, P after Interrupt 
(X is high nibble) 


IE 


1 Bit 


Interrupt Enable 


Q 


1 Bit 


Output Flip Flop 



CDP1802 Control Modes 



The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 







MODE 


CLEAR 


WAIT 


L 
L 
H 
H 


L 
H 
L 
H 


LOAD 

RESET 

PAUSE 

RUN 



The function of the m®des are defined as follows: 

Load 

Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a "bootstrap" 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next Instruction. 

Reset 

Registers I, N, Q are reset, IE is set and O's (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in SI. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains in 
S1 and registers X, P, and R(0) are reset. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an SO, SI , or an S2 but never an S3. With the use 
of a 71 instruction followed by 00 at memory locations 0000 
and 0001, this feature may be used to reset IE, so as to 
preclude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10. 



vcc 



^ 



ly— /J 
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The RC time constant 
should be greater than 
the oscillator start-up time 
{typically 20 ms). 



Pause 

Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Bun 

May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When 
Initiated from the Reset operation, the first machine cycle 
following Reset is always the Initialization cycle. The initial- 
ization cycle Is then followed by a DMA (S2) cycle or fetch 
(SO) from location 0000 in memory. 

RUN-MODE STATE TRANSITIONS 

The CDP1 802BC CPU state transitions when in the RUN and 
RESET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, SO followed by a single SI cycle or two SI 
cycles. S2 is the response to a DMA request and S3 Is the 
interrupt response. Table II shows the conditions on Data 
Bus and Memory-Address lines during all machine states. 



IOLE«DMA*INT 



FORCE SI 

(LONG BRANCH, 
LONG SKIP, NOP, ETC) 




FORCE SO, SI 
DMA IN 
DMA OUT 
INT 



Fig. 10 - Reset diagram. 



Fig. 11 - State transition diagram. 
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INSTRUCTION SET 

The CPU Instruction summary is given in Table I. Hexadecimal 
notation Is used to refer to the 4-blt binary codes. 

In all registers bits are numbered from the least significant bit 
(LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W=NorX, orP 



CDP1802BC 



R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 

Operation Notation 

M(R(N)) - D; R(N) + 1 - R(N) 

This notation means: The memory byte pointed to by R(N) is 
loaded into D, and R(N) is Incremented by 1. 



TABLE I - INSTRUCTION SUMMARY (See Notes following table, pp. 11 and 12) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


MEMORY REFERENCE I 


LOAD VIA N 


LDN 


ON 


M(R(N))-D;FORftNOT0 


LOAD ADVANCE 


LDA 


4N 


M(R(N)HD; (RN)+1 -R(N) 


LOAD VIA X 


LDX 


FO 


M(R(X))-D 


LOAD VIA X AND ADVANCE 


LDXA 


72 


M(R(X)HD: R(X)+1-R(X) 


LOAD IMMEDIATE 


LDI 


F8 


M(R(P)HD; R(P)+1-R(P) 


STORE VIA N 


STR 


5N 


D-M(R(N)) 


STORE VIA X AND 


STXD 


73 


D-*M(R(X)); R(X)-1-R(X) 


DECREMENT 








REGISTER OPERATIONS | 


INCREMENT REG N 


INC 


1N 


R(N)+1-R(N) 


DECREMENT REG N 


DEC 


2N 


R(N)~1-R(N) 


INCREMENT REG X 


IRX 


60 


R(X)+1-*R(X) 


GET LOW REG N 


GLO 


8N 


R(N).0-*D 


PUT LOW REG N 


PLC 


AN 


D-R(N).0 


GET HIGH REG N 


GHI 


9N 


R(N).1-D 


PUT HIGH REG N 


PHI 


BN 


D-*R(N).1 


LOGIC OPERATIONS # 1 


OR 


OR 


F1 


M(R(X)) OR D-*D 


OR IMMEDIATE 


ORI 


F9 


M(R(P)) OR D-D; 
R(P)+1-R(P) 


EXCLUSIVE OR 


XOR 


F3 


M(R(X)) XOR D-D 


EXCLUSIVE OR IMMEDIATE 


XRI 


FB 


M(R(P)) XOR D-D; 
R(P)+1-R(P) 


AND 


AND 


F2 


M(R(X)) AND D-D 


AND IMMEDIATE 


AN! 


FA 


M(R(P)) AND D-D; 
R(P)+1-R(P) 


SHIFT RIGHT 


SHR 


F6 


SHIFT D RIGHT, LSB(D)-DF, 
O-MSB(D) 


SHIFT RIGHT WITH CARRY 


SHRC 




76§ 


SHIFT D RIGHT, LSB(D)-DF, 
DF-MSB(D) 


RING SHIFT RIGHT 


RSHR ^ 






SHIFT LEFT 


SHL 


FE 


SHIFT D LEFT, MSB(D)-DF, 
O-LSB(D) 


SHIFT LEFT WITH CARRY 


SHLC 


7E§ 


SHIFT D LEFT. MSB(D)-DF, 
DF-LSB(D) 


RING SHIFT LEFT 


RSHL 







I 
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TABLE I — INSTRUCTION SUMMARY (Confd) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


ARITHMETIC OPERATIONS f I 


ADD 


ADD 


F4 


M(R(X))-I-D-DF, D 


ADD IMMEDIATE 


ADI 


FC 


M(R(P))-I-D-*DF.D; R(P)+1-R(P) 


ADD WITH CARRY 


ADC 


74. 


M(R(X))+D+DF-*DF. D 


ADD WITH CARRY, IMMEDIATE 


ADCI 


7C 


M(R(P))+D+DF-DF. D 
R(P)+1-*R(P) 


SUBTRACT D 


SD 


F5 


M(R(X))-D-DF. D 


SUBTRACT D IMMEDIATE 


SDI 


FD 


M(R(P))-D-DF, D; 
R(P)+1-R(P) 


SUBTRACT D WITH BORROW 


SDB 


75 


M(R(X))-D-(NOT DF)-DF. D 


SUBTRACT D WITH 


SDBI 


7D 


M(R(P))-D-(NOT DF)-DF. D; 


BORROW. IMMEDIATE 






R(P)+1-R(P) 


SUBTRACT MEMORY 


SM 


F7 


D-M(R(X))-DF. D 


SUBTRACT MEMORY IMMEDIATE 


SMI 


FF 


D-M(R(P)HDF. D; 
R(P)+1-R(P) 


SUBTRACT MEMORY WITH BORROW 


SMB 


77 


D-M(R(X))-(NOT DF)-DF, D 


SUBTRACT MEMORY WITH 


SMBI 


7F 


D-M(R(P))-(NOT DF)-DF. D 


BORROW. IMMEDIATE 






R(P)+1-R(P) 


BRANCH INSTRUCTIONS— SHORT BRANCH | 


SHORT BRANCH 


BR 


30 


M(R(P))-R(P).0 


NO SHORT BRANCH (SEE SKP) 


NBR 


38§ 


R(P)+1-R(P) 


SHORT BRANCH IF D=0 


BZ 


32 


IF D=0, M(R(P))-R(P).0 
ELSE R(P)+1-R(P) 


SHORT BRANCH IF D NOT 


BNZ 


3A 


IF D NOT 0, M(R(P))-R(P).0 
ELSER(P)+1-*R(P) 


SHORT BRANCH IF DF=1 


BDF I 


33§ 


IFDF=1,M(R(P))-R(P).0 


SHORT BRANCH IF POS OR ZERO 


BPZ [ 




ELSE R(P)+1-R(P) 


SHORT BRANCH IF EQUAL OR 


BGE 






GREATER 








SHORT BRANCH IF DF=0 


BNF ) 


3B§ 


IF DF=a M(R(P))-R(P).0 


SHORT BRANCH IF MINUS 


BM I 




ELSE R(P)+1-»R(P) 


SHORT BRANCH IF LESS 


BL ) 






SHORT BRANCH IF Q=F 


BQ 


31 


IFQ=1,M(R(P))-R(P).0 
ELSER(P)+1-*R(P) 


SHORT BRANCH IF Q=0 


BNQ 


39 


IFQ=0,M(R(P))-*R(P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF EF1=1 


B1 


34 


IFEF1=1,M(R(P))-*R(P).0 


(EF1=Vss) 






ELSER(P)+1-R(P) 


SHORT BRANCH IF EF1=0 


BN1 


3C 


IFEF1=0, M(R(P))-*R(P).0 


(EF1=VCC) 






ELSER(P)+1-R(P) 


SHORT BRANCH IF EF2=1 


B2 


35 


IFEF2=1,M(R(P)HR(P).0 


(EF2=Vss) 






ELSER(P)+1-R(P) 


SHORT BRANCH IF EF2=0 


BN2 


3D 


IF EF2=0, M(R(P))-R(P).0 


(EF2=Vcc) 






ELSE R(P)+1-*R(P) 


SHORT BRANCH IF EF3=1 


B3 


36 


IFEF3=1.M(R(P))-R(P).0 


(EF3=Vss) 






ELSE R(P)-h1-*R(P) 


SHORT BRANCH IF EF3=0 


BN3 


3E 


IF EF3=0. M(R(P))-*R(P).0 


(EF3=Vcc) 






ELSER(P)+1-R(P) 
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TABLE I - INSTRUCTION SUMMARY (Conf d) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


BRANCH INSTRUCTIONS— SHORT BRANCH 


SHORT BRANCH IF EF4=1 


B4 


37 


IFEF4=1.M(R(P))-R(P).0 


(EF4=Vss) 






ELSE R(P)+1-R(P) 


SHORT BRANCH IF EF4=0 


BN4 


3F 


IF EF4=0, M(R(P))-R(P).0 


(EF4=VCC) 






ELSER(P)+1-R(P) 


BRANCH INSTRUCTIONS— LONG BRANCH I 


LONG BRANCH 


LBR 


CO 


M(R(P))-R(P).1 
M(R(P)-I-1)-R(P).0 


NO LONG BRANCH (SEE LSKP) 


NLBR 


C8§ 


R(P)+2-R(P) 


LONG BRANCH IF D=0 


LBZ 


C2 


IF D=0, M(R(P))-R(P).1 

M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF D NOT 


LBNZ 


CA 


IFDNOT0,M(R(P)HR(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF=1 


LBDF 


03 


IFDF=1,M(R(P)HR(P).1 

M(R(P)-f1)-*R(P).0 
ELSE R(P)+2-*R(P) 


LONG BRANCH IF DF=0 


LBNF 


CB 


IF DF=0. M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF 0=1 


LBQ 


01 


IFQ=1.M(R(P))-R(P).1 

M(R(P)+1)-R(R).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF Q=0 


LBNQ 


09 


IFQ=0.M(R(P)HR(P).1 

M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


SKIP INSTRUCTIONS I 


SHORT SKIP (SEE NBR) 


SKP 


38§ 


R(P)+1-R(P) 


LONG SKIP (SEE NLBR) 


LSKP 


C8§ 


R(P)+2-R(P) 


LONG SKIP IF D=0 


LSZ 


CE 


IF D=0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 


LSNZ 


06 


IF D NOT 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF=1 


LSDF 


OF 


IFDF=1,R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF=0 


LSNF 


07 


IF DF=0. R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF 0=1 


LSQ 


CD 


IFQ=1.R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF Q=0 


LSNQ 


05 


IF Q=0. R(P)-f2-R(P) 
ELSE CONTINUE 


LONG SKIP IF IE=1 


LSIE 


CO 


IFIE^1,R(P)+2-*R(P) 
ELSE CONTINUE 
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TABLE I — INSTRUCTION SUMMARY (Confd) 







OP 




INSTRUCTION 


MNEMONIC 


CODE 


OPERATION 


CONTROL INSTRUCTIONS 1 


IDLE 


IDL 


00# 


WAIT FOR DMA OR INTERRUPT; 
M(R(0))-BUS 


NO OPERATION 


NOP 


C4 


CONTINUE 


SETP 


SEP 


DN 


N-P 


SETX 


SEX 


EN 


N-X 


SETQ 


SEQ 


7B 


1-*Q 


RESET Q 


REQ 


7A 


0-*Q 


SAVE 


SAV 


78 


T^M(R(X)) 


PUSH X,P TO STACK 


MARK 


79 


(X,P)--T; (X,P)-*M(R(2)) 
THENP-X;R(2)~1-R(2) 


RETURN 


RET 


70 


M(R(X))-(X.P); R(X)+1-R(X) 
1HE 


DISABLE 


DIS 


-71 


M(R(X))-(X,P); R(X)+1-R(X) 
0-IE 


INPUT-OUTPUT BYTE TRANSFER 1 


OUTPUT 1 


0UT1 


61 


M(R(X))-BUS;R(X)+1-*R(X); N LINES=1 


OUTPUT 2 


0UTi2 


62 


M(R(X))-BUS;R(X)+1-R(X); N LINES=2 


OUTPUTS 


OUT 3 


63 


M(R(X))-BUS;R(X)-I-1-R(X); N LINES=3 


0UTPUT.4 


OUT 4 


64 


M(R(X))-BUS;R(X)+1-R(X); N LINES=4 


OUTPUTS 


OUTS 


65 


M(R(X))-*BUS;R(X)+1-R(X); N LINES=S 


OUTPUTS 


OUT 6 


66 


M(R(X))-BUS;R(X)+1-R(X); N LINES=6 


OUTPUT 7 


OUT 7 


67 


M(R(X))-BUS;R(X)+1-R(X); N LINES=7 


INPUT 1 


INP1 


69 


BUS-M(R(X)); BUS-D; N LINES=1 


INPUT 2 


INP2 


6A 


BUS-*M(R(X)); BUS-D; N LINES=2 


INPUT 3 


INP3 


6B 


BUS-*M(R(X)); BUS-D; N LINES=3 


INPUT 4 


INP4 


6C 


BUS-M(R(X)); BUS-*D; N LINES=4 


INPUTS 


INP5 


6D 


BUS-M(R(X)); BUS-D; N LINES=S 


INPUT 6 


INP6 


6E 


BUS-M(R(X)); BUS-D; N LINES=6 


INPUT 7 


INP7 


6F 


BUS-M(R(X)); BUS-D; N LINES=7 



hhE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONSTHAT CAN ALTER THE OF. AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 

DF=0 DENOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBTRACT INSTRUCTION: 

DF=1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 

DF=0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 

THE SYNTAX "-(NOT DF)" DENOTES THE SUBTRACTION OF THE BORROW 

§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 

<>AN IDLE IN S TRUCTIO N I NITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST 
(INTERRUPT, DMA-IN, OR DMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED. THE IDLE CYCLE IS TERMINATED 
AND THE I/O REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED. 
Notes for TABLE I 



Long-Branch, Long-Skip and No Op Instructions are 
the only instructions that require three cycles to 
complete (1 fetch +2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 

a) Branch unconditionally 

b) Test for D=0 or 09^0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 



e) effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high- and low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching 
address bytes are skipped over, and the next in- 
struction in sequence is fetched and executed. This 
operation is taken for the case of unconditional no 
branch (NLBR). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to •i-SS'^C, Cl=50 pF, VdD±5%> axcept at noted. 



CHARACTERISTIC 


vcc 

(V) 


vdd 

(V) 


LIMITS 
Typ.* Max. 


UKNii 


Propagation Delay Times: 
Clock to TPA, TPB tpLH. tpHL 


5 


5 


200 


300 


ns 


Clock-to-Memory High-Address Byte tpLH. tpHL 


6 


5 


475 


525 


Clock-to-Memory Low-Address Byte Valid tpLH. tpHL 


5 


5 


175 


250 


Clock to MRD tpLH. tPHL 


5 


5 


175 


276 


Clock to MWR tpLH. tPHL 


5 


5 


175 


225 


Clock to (CPU DATA to BUS) Valid tpLH. tpHL 


5 


5 


250 


375 


Clock to State Code tpLH. tpHL 


5 


5 


250 


400 


Clock to Q tpLH. tpHL 


5 


5 


200 


300 


Clock to N (0-2) tpLH. tPHL 


5 


5 


275 


350 


Minimum Setup and Hold Times: 
Data Bus Input Setup tsu 


5 


5 


-20 





Data Bus Input Hold tH" 


5 


5 


125 


150 


BRA Setup tsu 


5 


5 





30 


DMA Hold tH* 


5 


5 


100 


150 


Interrupt Setup tsu 


5 


5 


-75 





Interrupt Hold tn" 


5 


5 


75 


125 


WAlT Setup tsu 


5 


5 


20 


40 


EF1-4Setup tsu 


5 


5 


-30 





EF1-4Hold tH" 


5 


5 


100 


150 


Minimum Pulse Width Times: 
CLEAR Pulse Width twL* 


5 


5 


100 


150 


CLOCK Pulse Width twL 


5 


5 


90 


100 



Typical values are for Ta=25°C and nominal Vqd. 

Maximum limits of minimum characteristics are the values above which all devices function. 



Notes for TABLE I (Continued) 



I 



2. The short-branch instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 

The short-branch instruction can: 

a) Branch unconditionally 

b) Test for D=0 or D^^O 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) Test the status (1 or 0) of the four EF flags 

f) Effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program 
counter. This effects a branch within the current 256- 
byte page of the memory, i.e., the page which holds the 
branching address. \i the tested condition is not met, 
the branching address byte is skipped over, and the 
next instruction In sequence is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 



The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instaiction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not 
considered part of the program. 

The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 

They can: 

a) Skip unconditionally 

b) Test for D=0 or D#0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) TestforlE=1 

If the tested condition is met, then Long Skip takes 
place; the current program counter is Incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 

Execution is continued by fetching the next instruction 
in sequence. 
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p — v ^ p — I - ^ 'p — g ^ p , o * '[■ — 7_z_r — ° — n^ — ^ — n^ — ' — r " "i 

OCK I^Q, W/„ Xgo/g, W/j, \4o/^, W/g, VBo/g, Xto/^, \oo/o,\ 



MRO 
(MEMORY 
READ CYCLE) 

MWR 
(MEMORY 
WRITE CYCLE) 




NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 

2. ALL MEASUREMENTS ARE REFERENCED TO 507o POINT OF THE 
WAVEFORMS 

3. SHADED AREAS INDICATE "DON'T CARE" OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 



92CL-33869RI 



Fig. 12 - Timing waveforms. 
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MEMORY Vy 

ADDRESS 



(MEMORY) 
READ CYCLE) 
MWR 

(MEMORY 
WRITE CYCLE) 

DATA FROM y 
CPU TO BUS /y 



DATA FROM "Ty 
BUS TO CPU //. 



CDP1802BC 



/ 



HIGH ORDER 
ADDRESS BYTE 



■^HAA 



/ 



][ 



J V 



UOW ORDER 
ADDRESS BYTE 



♦haw~ 



\ 



^HDW 



Jr" *HR 



'A 



92CM-34922 



F/'gf, 73 - C\ock frequency dependent relative timing waveforms. 



I 



TIMING SPECIFICATIONS as a function of T (T==1/fcL0CK) «* Ta=-40 to •t-85<»C. 



CHARACTERISTIC 


vcc 

(V) 


Vqd 

(V) 


LIM 


ITS 


UNITS 


MIn. 


Typ.* 


High-Order Memory-Address Byte 
SetUptoTPA \ Time tSAA 


5 


5 


2T-326 


2T-275 


ns 


High-Order Memory-Address Byte 
Hold after TPA Time tHAA 


5 


5 


T/2-26 


T/2-16 


Low-Order Memory- Address Byte 
Hold after WR Time tHAW 


5 


5 


T-30 


T+0 


CPU Data to Bus Hold 
after WR Time tHDW 


5 


5 


T-175 


T-126 


Low-Order Memory-Address Byte 
Hold after TPB Time tHAB 


5 


5 


T/2+0 


T/2+100 


M^D Hold after TPB Time tHRB 


5 


5 


T/2-26 


T/2-K) 


Reqbired Memory Access Time 
Addr^esstoData tAAD 


5 


5 


5T-226 


5t-175 



Typical values are for Ta=25®C and nominal Vdd- 
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TABLE II. CONDITIONS ON DATA BUS AND MEM 
ALL MACHINE STATJ 


ORY ADORES 
ES 


S LINES 


DURING 






STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


NOTESG 


S1 


RESET 


OH.N.Q.X.P; 
HE 


00 


xxxx 


1 


1 





A 


SI 


INITIALIZE 

NOT PROGRAMMER 

ACCESSIBLE 


0000-R 


00 


xxxx 


1 


1 





B 


SO 


FETCH 


MRP-*I, N; 
RP+1-RP 


MRP 


RP 





1 





C 










IDL 


IDLE 


MRO 


RO 





1 





D.3 





1-F 


LDN 


MRN-D 


MRN 


RN 





1 





3 


1 


0-F 


INC 


RN+1-RN 


FLOAT 


RN 


1 


1 





1 


2 


0-F 


DEC 


RN-1-*RN 


FLOAT 


RN 


1 


1 





1 


3 


0-F 


SHORT 


TAKEN; 




















BRANCH 


MRP-RP.O 


MRP 


RP 





1 





3 










NOT TAKEN; 




















RP4-1--RP 














4 


0-F 


LDA 


MRN-D; 


MRN 


RN 





1 





3 


S1 








RN+1-RN 














5 


0-F 


STR 


D--MRN 


D 


RN 


1 








2 


6 





IRX 


RX+1-RX 


MRX 


RX 





1 





2 




1 


0UT1 












1 








2 


OUT 2 












2 








3 


OUT 3 












3 








4 


OUT 4 


MRX-*BUS; 


MRX 


RX 





1 


4 


6 






5 


OUTS 


RX+1-RX 










5 








6 


OUT 6 












6 






6 


7 


OUT 7 












7 




9 


INP1 




DATA 








1 








A 


INP2 




FROM 








2 








B 


INP3 




I/O 








3 








C 


INP4 


BUS-MRX,D 


DEVICE 


RX 


1 





4 


5 






D 


INP5 












5 








E 


INP6 












6 








F 


INP7 












7 









RET 


MRX-(X,P); 


MRX 


RX 





1 





3 










RX+1--RX; 1HE 














1 


OIS 


MRX-(X.P); 


MRX 


RX 





1 





3 




7 






RX+1-RX;0HE 














2 


LDXA 


MRX-D; 


MRX 


RX 





1 





3 










RX+1-RX 














3 


STXD 


D-MRX; 


D 


RX 


1 








2 










RX-1-RX 














4 


ADC 


MRX+D+ 


MRX 


RX 





1 





3 










DF-DF,D 
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CDP1802BC 



TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES 
ALL MACHINE STATES (CONTD) 



DURING 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


NOTES<) 


SI 


7 


5 


SDB 


MRX-D- 
DFN-DF.D 


MRX 


RX 





1 





3 


6 


SHRC 


LSB(D)-'DF: 
DF-MSB(D) 


FLOAT 


RX 


1 


1 





1 


7 


SMB 


D-MRX- 
DFN-DF.D 


MRX 


RX 





1 





3 


8 


SAV 


T-MRX 


T 


RX 


1 








2 


9 


MARK 


(X,P)-T, MR2; 
P-'X:R2-1-R2 


T 


R2 


1 








2 


A 


REQ 


O^Q 


FLOAT 


RP 


1 







1 


B 


SEQ 


1-Q 


FLOAT 


RP 


1 







1 


C 


ADCI 


MRP+D-I- 
DF--DF.D; RP+1 


MRP 


RP 










3 


D 


SDBI 


MRP-D- 

DFN-*DF,D; 

RP+1 


MRP 


RP 










3 


E 


SHLC 


MSB(D)--DF; 
DF-LSB(D) 


FLOAT 


RP 


1 







1 


F 


SMBI 


D-MRP- 

DFN-DF.D; 

RP+1 


MRP 


RP 










3 


8 


0-F 


GLO 


RN.O-D 


RN.O 


RN 


1 









9 


0-F 


GHI 


RN.1-D 


RN.1 


RN 


1 









A 


0-F 


PLO 


D-RN.O 


D 


RN 


1 









B 


0-F 


PHI 


D-RN.1 


D 


RN 


1 









S1#1 


C 


0-3, 
8-B 


LONG 
BRANCH 


TAKEN: MRP-*B; 
RP+1-RP 


MRP 


RP 












#2 


TAKEN: B-RP.1; 
MRP--RP.0 


M(RP+1) 


RP+1 












S1#1 


NOT TAKEN: 
RP+1-RP 


MRP 


RP 












#2 


NOT TAKEN: 
Rf^+1-RP 


M(RP+1) 


RP+1 












S1#1 


5 
6 
7 
C 
D 
E 
F 


LONG 
SKIP 


TAKEN: RP+1 -RP 


MRP 


RP 












#2 


TAKEN: RP+1-RP 


M(RP+1) 


RP+1 












S1#1 


NOT TAKEN: 
NO OPERATION 


MRP 


RP 












#2 


NOT TAKEN: 
NO OPERATION 


MRP 


RP 












S1#1 


4 


NOP 


NO OPERATION 


MRP 


RP 












#2 


NO OPERATION 


MRP 


RP 
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CDP1802BC 



TABLE n. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONrO) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


NOTES^ 


SI 


D 


0-F 


SEP 


N-P 


NN 


RN 


1 


1 





1 


E 


0-F 


SEX 


N-X 


NN 


RN 


1 


1 





1 


F 





LDX 


MRX-D 


MRX 


RX 





1 





3 


1 
2 
3 
4 
5 
7 


OR 
AND 
XOR 
ADD 
SD 
SM 


MRX OR D-D 
MRX AND D-D 
MRX XOR D-D 
MRX+D-DF,D 
MRX-D-DF.D 
D-MRX-DF.D 


MRX 


RX 





1 





3 


6 


SHR 


LSB(D)-DF; 
O-MSB(D) 


FLOAT 


RX 


1 


1 





1 


8 
9 
A 
B 

D 
F 


LDI 
ORI 
ANI 
XRI 
ADI 
SDI 
SMI 


MRP-D; 

RP+1-RP 
MRP OR D-D; 

RP+1-RP 
MRP AND D-D; 

RP+1-RP 
MRP XOR D-D; 

RP+1-RP 
MRP+D-DF,D; 

RP-fl-RP 
MRP-D-DF,D; 

RP+1-RP 
D-MRP-DF.D; 

RP+1-RP 


MRP 


RP 





1 





3 


E 


SHL 


MSB(D)-DF; 
O-LSB(D) 


FLOAT 


RP 


1 


1 





1 


S2 


DMA IN 


BUS-MRO; 
R0+1-R0 


DATA FROM 
I/O DEVICE 


RO 


1 








F,7 


DMA OUT 


MRO-BUS; 
R0+1-R0 


MRO 


RO 





1 





F.8 


S3 


INTERRUPT 


X.P-T; 0-IE 
1-P:2-X 


FLOAT 


RN 


1 


1 





9 


S1 


LOAD 


IDLE 


M(R0-1) 


RO-1 





1 





E,3 








(CLEAR. WAIT=0) 



NOTES: 

A. IE=1, TPA, TPB suppressed, state=S1. 

B. BUS=0 for entire cycle. 

C. Next state always 81 . 

D. Wait for DMA or INTERRUPT. 

E. Suppress TPA, wait for DMA. 

F. IN REQUEST has priority over OUT REQUEST. 

G. Number refers to machine cycle. See Fig. 14 timing waveforms for machine cycles 1 through 9. 
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CDP1802BC 



01234 56701234567012345670123456701234. 

CLOCK ojTjHj-ijijnjijnjijnjiJTJx^ 



_rT_ 



-TT. 



-r~L 



_rL 



X 



I CYCLE (ii < 1) \ 



I CYCLE (n^ 3) | CYCLE (n > 4) " 



MA HIGH ADD. I LOW ADDRESS |hiGH ADD.j LOW ADDRESS |hiGH ADD| LOW ADDRESS JHIGH ADDJ LOW ADDRESS |HIGHADD| •)VX 

General timing waveforms. 



INSTRUCTION ' 



X 



EXECUTE (SI) I 



X 



EXECUTE (SI) I FETCH (S0> 



FETCH (SO) 



-MEMORY READ CYCLE- 



-NON MEMORY CYCLE m\* MEMORY READ CYCLE mJfm NON-MEMORY CYCLE k|« ^Iad''^ 

1 I 1 CYCLE 



ALLOWABLE MEMORY ACCESS * VALID OUTPUT 

No. 1 Non-memory-cycle timing waveforms. 



w/y/z/M 



-VALID OUTPUT 



FETCH (SO) 



EXECUTE (81) 



I EXECUTE (SI) I "fetch (SO) 



-MEMORY READ CYCLE - 



-MEMORY WRITE CYCLE — J-« MEMORY READ CYCLE »U MEMORY WRITE CYCLE— •U MEIVIORY 

, . READ 

CYCLE 



^StTuT '^/^///////////^zw 



ALLOWABLE MEMORY ACCESS I VALID OUTPUT 



-VALID OUTPUT 



V////////A 



I VALID DATA |" 



VALID DATA 



No. 2 Memory write-cycle timing waveforms. 



INSTRUCTION 



FETCH (SO) 



EXECUTE (SI) 



EXECUTE (SI) 



-MEMORY READ CYCLE- 



~ MEMORY READ CYCLE- 



- MEMORY READ CYCLE H* — MEMORY READ CYCLE- 



MEMORY 

READ 

CYCLE 



MWR (HIGH) 



VALID OUTPUT 



ALLOWABLE MEMORY ACCESS ' VALID OUTPUT 

No. 3 Memory read-cycle timing waveforms. 



55 L VALID OUTPUT * VALID OUTPUT * VALID OUTPUT ^ 



EXECUTE (SI) I EXECUTE (sTT 



FETCH (SO) I EXECUTE (sTT" 



INSTRUCTION 



FETCH (SO) 



- MEMORY READ CYCLE - 



-MEMORY READ CYCLE - 



- MEMORY READ CYCLE -iUm MEMORY READ CYCLE- 



MRD j [_ 



. MEMORY 
READ 
CYCLE 



MWR (HIGH) 



MEMORY 
OUTPUT 



,01 r- ».^-,;,^D^.. /V/-/-CCC ^ VALID OUTPUT ^ VALID OUTPUT ^ VALID OUTPUT ^ 



ALLOWABLE MEMORY ACCESS 

No. 4 Long-brancti or long-skip-cycle timing waveforms. 

"Don't Care" or internal delays. ^^^H Highimpedance state 



92CL-29600 



Fig. 14 - Machine-cycle timing waveforms {propagation delays not shown). 
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012345670123456701 

CLOCK -TjHJiJiJiJij-iJijnjnjnjnjiJiJiJTj-u^ 



TPA _ 
TP8 
MACHINE CYCLE ] 
INSTRUCTION 



CYCLE (n+1) 



EXECUTE (SI) 



MRD 
N0-N2 

MWR 



\y/)^//y/////////77A 



c 



ALLOWABLE MEMORY ACCESS > VALID OUTPUT 

BBBIIBBBBBBBBB K valid data from input device 



READ cycle 



WRITE CYCLE 



*User-generated signal 



92CS- 29601 



A/0. 5 Input-cycle timing waveforms. 



CLOCK 
TPA 


u 


U L 
J L 


J u u u 


U U U 


U U U U U L 
1 1 


J U U L 


TPB 




i 1 




1 I 




CYCLE -^ 






CYCLE n 


_ __ A 


CYCLE (n + l) 






INSTRUCTION 


1 




FETCH (SO) 


1 


EXECUTE (SI) 


1 
















MRD 




1 


r 


1 


1 














N0-N2 


r 


N= 1-7 
ALLOWABLE MEMORY 


\ 




ai 








ACCESS 






^ 


DATA BUS 2 
DATA STROBE' 


aTlOWABLE MEMORY ACCESS L VALID o'LVpuT "^ """"* "'™""'' " 


1 )fllB 
1 1 


(MRD -TPB-N) 


1 

hi 

1 

signal 
Care" or interna 

mpedance state 


MEMORY 


1 


MEMORY 


1 

m\ 

\ 

2CS-29602 


'User-generated 
■■ High- 


BEAD CYCLE 
delays. 


1 


READ CYCLE 

9 



Ho. 6 Output-cycle timing waveforms. 

Fig. 14 - Machine-cycle timing waveforms {propagation delays not shown). Continued. 
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123456 70123456701234567012346670 

CLOCK -LrLnxiJiJ"iJiJijnJijnJiJ^^ 



TPB 




j 1 




1 L 




1 \ 


r— 1 






CYCLE n 




CYCLE (n + 1) 




CYCLE (n + 2) 


1 


CYCLE (n + 3> 1 




INSTRUCTION \ 


FETCH (SO) 




EXECUTE (SI) 




DMA (S2) 


1 


FETCH (SO) _ 1 



i> y////y//y/yy/yyyyyyyy^^^^^ 



y////////////////z^ 



V////////////////////////r 



"I r 



L VALID C 



^ 



VALID OUTPUT -J 



VALID DATA FROM INPUT DEVICE 



MEMORY 
~ READ CYCLE" 



MEMORY 
- READ, WRITE OR 



NON-MEMORY CYCLE 



MEMORY 
"write CYCLE 



MEMORY 
■ READ CYCLE ~ 



"User-generated signal 



92CS- 29603 



No. 7 DMA-IN'Cycle timing waveforms. 



I 



01234567012345670123456 70123 

CLOCK LTLTlTlJnjajnjnJTjnJlJ^^ 



TPA _ 
TPB 



_r~L 



CYCLE {n+ 1) 



CYCLE (n + 2) 



I CYCLE (n t- 3) 



INSTRUCTION | FETCH (SoP 



EXECUTE (SI) 



DMA (32) 1 FETCH (SO) 



- y/////////////////////////y///// ////////////////^L. 



w/////////////^^ 



V/////M 



MWR 
MEMORY , 
OUTPUT : 



\ / 

) OUTPUT 



L- VALID C 



TZZZZZZZZZZZZSH 



VALID DATA FROM MEMORY 



K 



ZMKEZZZ 



STROBE I 
(S2.TPB) I 



READ CYCLE 



MEMORY 
- READ, WRITE OR " 



IMON MEMORY CYCLE 



"User-generated signal 



READ CYCLE 
92CM-29604RI 



A/0. 8 DMA-OUT'Cycle timing waveforms. 



01 23456701 23456701234 56701 2345670 

CLOCK n_jT_Jij-iJij'iJ-Lj-LriJTjaji^^ 



TPB 




I 1 






1 1 




f—I 


r 


-n 






















CYCLE n 


1 




CYCLE (n + 1) 


1 


CYCLE (n + 2) 


1 


CYCLE (n + 3) 


1 




NST RUCTION I 


FETCH (SO) 


1 




EXECUTE (SI) 


1 


INTERRUPT (S3) 


1 


FETCH (SO) 


1 


















1 




MRD 


"1 


r 


u - 




J 






1" 

















}' '^//////////////////^^^^^ 



(INTERNAL) IE 



MEMORY 
~ READ CYCLE ' 



'User-generated signal 

"Don't Care" or internal delays. 



- VALID OUTPUT 

I I 



_ MEMORY READ, WRITE . 
OR NON-MEMORY CYCLE 



High-impedance state 



_P??J^:??^^^^^?^?^?^^?^J???^J??^^???^??J?J^??^ 



ty/^////////////z 



VALID OUTPUT 



w 



-NON-MEMORY CYCLE - 



MEMORY 
" READ CYCLE " 



No. 9 INTERRUPT'Cycle timing waveforms. 

Fig. 14 ' Machine-cycle timing waveforms {propagation delays not shown). Continued. 



92CM-29605 
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CLOCK 


1 ^ 40 


tJfe 


WAIT — 


2 39 


CLtArt —1 


3 38 


— OT»a m 





4 37 


— bUk OUT 


SCI — 1 


5 36 


INTERRUPT 


SCO — 


6 35 


— mm 


smB — 


7 34 


TPA 


BUS 7 — 


8 33 


TP8 


BUS 6 — 


9 32 


MA7 


BUS 5 — 


10 31 


MA6 


BUS 4 — 


II 30 


MAS 


BUS 3 — 


12 29 


— MA4 


BUS 2 — 


13 28 


MA3 


BUS 1 — 


14 27 


MA2 


BUSO — 


IS 26 


MAI 


EMS/ME — 


16 25 


MAO 


N2 — 


17 24 


— err 


Nl — 


18 23 


— EPS 


NO — 


19 22 


EF3 


vss — 


20 21 


EF4 




TOP VIEW 




92CS- 34980 


TERMINAL ASSIGNMENT 



Objective Data 

CMOS 8-Blt Microcomputer 
With On-Chip RAM, ROM, and 
Timer/Counter 

Performance Features: 

■ Instruction time of 3.2 ^s, -40 to +85** C 

■ 123 Instructions-upwards software 

compatible with CDP1d02, CDP1805, and CDP1d06 

■ BCD arithmetic instructions 

■ Low- power IDLE mode 

■ Pin compatible with CD PI 802, CDP1805, and CDP1806, 
except for l/cc terminal 

■ 64K-byte memory address capability 



The RCA-CDP1804AC is a functional and performance 
enhancement of the CDP1 802, CDP1 805C, and CDP1 806C 
LSI CMOS 8-bit register-oriented microprocessor series 
and is designed for use in a wide variety of general-purpose 
applications. 

The CDP1804AC hardware enhancements include a 2K- 
byte ROM array, a 64-byte RAM array, and a 8-bit presettable 
down counter. The timer/counter, which generates an 
internal interrupt request, can be programnried for use in 
time-base, event-counting, and pulse-duration measure- 
ment applications. The timer/counter underflow output can 
also be directed to the Q output terminal. 

The CDP1805AC and CDP1806AC which are identical to 
the CDP1 804AC, except for the on-chip memory, should be 
used for CDP1804AC development purposes. 

The CDP1804AC software enhancements Include 22 more 
instructions than the CDP1802 and 10 more instructions 
than the CDP1 805AC and CDP1 806AC. The 32 new software 



u 2K bytes of on-chip ROM 

■ 64 bytes of on-chip RAM 

■ 16 X 16 matrix of on-board registers 

■ On-chip crystal or RC controlled oscillator 

■ 8-bit timer/counter 

instructions add subroutine call and return capability, 
enhanced data transfer manipulation, timer/counter control, 
improved interrupt handling, single-instruction loop 
counting, and BCD arithmetic. 

Upwards software jand hardware compatibility are main- 
tained when substituting a CDP1 804AC for other CDP1 800- 
series microprocessors. JPinout_is identical except for the 
replacement of Vcc with EMS/ME. 

The CDP1804AC has an operating voltage range of 4 V tc 
6.5 V and is supplied in a 40-lead hermetic dual-in-line 
ceramic package (D suffix), and in a 40-lead dual-in-line 
plastic package (E suffix). 



V 



<? 



<? 



CDPI85I 
PIO 



BUSO- BUS7 



CDPI804AC 
8- BIT CPU 
WITH ROM, 
RAM, AND 
TIMER/ 
COUNTER 



MWR 
TPA 



8- BIT DATA BUS 



ADDRESS BUS 



I MA0-MA7 

I 



_ I 
I" MAO-MAz""! 



I ROM 

I 
^TP 



I 
I 

--►Imrd 

I 



I 



■•JcT 

I BUS 



CEol-- 
I 



9-BUS7 

T"! 



hcs 



-^' 



_ v_ 



BUS0-BUS7 



I I 



^ — OPTIONAL EXPANSION MEMORY- 

Fig. 1 - Typical CDP1804AC mIcroprocessQr system. 



J92CM-3498I 
/ 
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MAXIMUM RATINGS, Absolute-Maximum Values: 



DC SUPPLY-VOLTAGE RANGE, (Voo): 
(Voltage referenced to Vss Terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.6 to Voo '••O.S V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60*0 (PACKAGE TYPE E) 500 mW 

For Ta = +60 +85'' C (PACKAGE TYPE E) Derate Linearly at 12 nfiW/« C to 200 mW 

For Ta = -55 to +100*0 (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125''C (PACKAGE TYPE D) Derate Linearly at 12 nnW/*C to 200 nf»W 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 tO +125*0 

PACKAGE TYPE E -40 to +85»C 

STORAGE TEMPERATURE RANGE (T„b) -65 to +150«C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) from case for 10 s max +265*0 



I 



RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85* C 

For maximum reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges: 



CHARACTERISTIC 


CONDITION 

Vdd 
(V) 


LIMITS 


UNITS 


CDP1804ACD 
CDP1804ACE 


MIN. 


MAX. 


DC Operating Voltage Range 


— 


4 


6.5 


V 


Input Voltage Range 


— 


Vss 


Voo 


Minimum Instruction Time* (fcL=5 MHz) 


5 


3.2 


— 


US 


Maximum DMA Transfer Rate 


5 


— 


a.625 


Mbytes/s 


Maximum Clock Input Frequency, 
Load Capacitance (CL) = 50 pF 


5 


DC 


5 


MHz 


Maximum External Counter/Timer 
Clock Input Frequency to EF1 , EF2 tcLx 


5 


DC 


2 



* Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch,- Long Skip, 
NOP, and "68" family instructions, which are more than two cycles. 
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CDP1804AC 

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vq 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1804ACD, 
CDP1804ACE 


Min. 


Typ.* 


Max. 


Quiescent Device Current Idd 


— 


0,5 


5 


— 


50 


200 


//A 


Output Low Drive (Sink) Current Iol 
(Except XTAL) 


0.4 


0,5 


5 


1.6 


4 


- 


mA 


XTAL Output Iol 


0.4 


5 


5 


0.2 


0.4 


— 


Output High Drive (Source) Current Ioh 
(Except XTAL) 


4.6 


0,5 


5 


-1.6 


-4 


— 


XTAL Ioh 


4.6 





5 


-0.1 


-0.2 


— 


Output Voltage Low-Level Vol 


— 


0,5 


5 


— 





0.1 


V 


Output Voltage High Level Vqh 


— 


0,5 


5 


4.9 


5 


— 


Input Low Voltage (BUS - BUS 7, EMS/ME) V,l 


0.5, 4.5 


— 


5 


_ 


— 


1.5 


Input High Voltage (BUS — BUS 7. EMS/ME) Vm 


0.5,4.5 


— 


5 


3.5 


— 




Schmitt Trigger Input Voltage 
(Except BUS - BUS 7, EMS/ME) 
Positive Trigger Threshold Vp 
Negative Trigger Threshold Vn 
Hysteresis Vh 


0.5.4.5 


— 


5 


2.2 


2.9 


3.6 


0.9 


1.9 


2.8 


0.3 


0.9 


1.6 


Input Leakage Current Iin 


— 


0.5 


5 


— 


±0.1 


±5 


/^A 


3-State Output Leakage Current Iout 


0,5 


0,5 


5 


— 


±0.2 


±5 


Input Capacitance Cin 


— 


— 


— 


— 


5 


7.5 


pF 


Output Capacitance Cout 


— 


— 


— 


— 


10 


15 


Total Power Dissipation (f=5 MHz) 
Idle "00" at M(OOOO). CL = 50 pF 


- 


- 


5 


- 


1.5 


3 


mW 


Minimum Data Retention Voltage Vdr 


Vdd = Vdr 


— 


2 


2.4 


V 


Data Retention Current Idr 


Vdd = 2.4 


— 


25 


100 


//A 



•Typical values are for Ta = 25" C and nominal Vdd. 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for eledtrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vdd — Vss to exceed the absol ute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vcc nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vdd, Vcc, or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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I/O REQUESTS 



MEMORY ADDRESS LINES I/O FLAGS r 



_L 



-\ r 



±_ 



BUSO 
BUS I 
BUS 2 
BUS 3 
BUS 4 
BUSS 
BUS 6 
BUS 7 



2048- 
BYTE 
ROM 



64- 
BYTE 
RAM 



ROM/ RAM 
SELECT 
LOGIC 



MA6 MA4 MA2 MAO 
MArJMAsk 



\\\ 



s|ma3|mai| 

I ml 



COUNTER HOLDING 
REGISTER (CH) 



8-BIT 
TIMER /COUNTER 



CLK 



MODE 
CONTROL 



HUf 



EFI EF3 

iEF2|EF4 



DMA 
OUT 

m INT 

ill 



CONTROL 
CLEAR WAIT 



CLOCK 
LOGIC 



'— ^-»-0^ - •- CLOCI 



EFI 
EF2 
TPA 



CONTROL AND 
TIMING LOGIC 



TO 

INSTRUCTION 

DECODE 



/^LU , , I INCR/ 



EZX 



•►XTAL 
-►SCO'1 STATE 
^3^, J- COOES 

-^ Q LOGIC 



-*-iiiiRO J 



SYSTEM 
TIMING 



R(l).l 
R(2).l 



R(l).0 
R(2).0 



R(A).I 



R(A).0 



R(E).I 



R(F).I 

T" 



R(E).0 



R(F).0 



REGISTER 
ARRAY 

R r~ 



LATCH 

AND 
DECODE 



8- BIT BIDIRECTIONATT^ATA BUS 



h »N0^ 

I ►NZj 



I/O 
COMMANDS 



I 



92CM- 34982 



F/g. 2 - 8/(?cfr diagram for CD P1 004 AC. 



Enhanced 1804AC Operation 



ROM/RAM 

The2K-byte ROM is mask-programmable and mask-select- 
able in any 2K block of the available 64K address space in 
the RUN (ROM/RAM) mode. (The procedure is detailed in 
the Mask-Programming section at the end of the data 
sheet.) 

The 64-byte RAM Is mask-selectable in any 64-byte block of 
memory in the RUN (RO M/R AM) mode. It may also be 
externally selected via the ME Input in the RUN (RAM only) 
mode. 

The EMS/ME pin serves a dual function. In the RUN 
(ROM/RAM) mode, EMS acts as an active low output to 
indicate when the Internal ROM or RAM Is not selected. This 
provides a convenient chip-select signal for any optional 
expansion memory devices and a stab le-address latch 
signal. In the RUN (RAM only) mode, ME acts as an active 
low input and is used to select the internal RAM, which is 
not mask-selected in this mode. Decoding is performed 
externally and the RAM may reside in any 64-byte block. 



Timing 

Timing for the CDP1804AC is the same as the CDP1802 
microprocessor series, with the following exceptions: 

• 4.5 clock cycles are provided for memory access 
Instead of 5. 



• Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructio ns. 

• Flag lines (Cn-EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the S1 cycle. 

• Pause can only occur on the low-to-high transition of 
either TPA or TPB, instead of any negative clock 
transition. 

Special Features 

Schm itt triggers are provided on ail control inputs, except 
EMS/m£, for maximum immunity from noise and slow 
signal transitions. A Schmitt trigger in the oscillator section 
allows operation with an RC or crystal. 

The CDP1 802 se ries LOAD mode Is not retained. This mode 
(WATT, CLEAR=0) is the RUN (ROM/RAM) mode on the 
CDP1804AC. 

A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high tr ansitio n of 
TPB. All outputs remain in their previous states, MRD is set 
to a logic "1", and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the timer 
/counter. The only restrictions are that the Timer mode, 
which uses the TPA -r 32 clock source, and the underflow 
condition at the Pulse Width Measurement modes are not 
available to exit the IDLE mode. 
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F\g. 3 - Internal memory operation timing waveforms for CDP1804AC. 
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Fig. 4 - External memory operation timing waveforms for CDP1804AC. 



SIGNAL DESCRIPTIONS 



BUS to BUS 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines: 

Activated by an I/O Instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to Issue command codes or device 



selection codes to the I/O devices. The N bits are low at all 
times except when an I/O instruction is i^eing executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the I/O instruct ion b y bit N3 (intef-nally) and is indicated by 
the level of the MRD signal: 

MRD = Vod: Data from I/O to CPU and Memory 
MRD = Vss: Data from Memory to I/O 
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EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are sampled a t the end of 
every SO cycle. One additional use for EP1 and EF2 is event 
counting and pulse-width measurement in conjunction 
with the Timer/Counter. 



INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These Inputs are sampled by the CDP1804AC during TPB. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to (inhibit); and 
instruction execution Is resumed. The interrupt action 
requires one machine cycle (S3). 

DMA Action: Finish executing current Instruction; R(0) 
points to memory area for data transfer; data is loaded Into 
or read out of memory; and Increment R(0). 

Note: In the event of concurrent DMA and INTERRUPT 
requests. DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU Is: 1) fetching an 
Instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. Ail states are 
valid kx TPA. 



State Type 


State Code Lines 


SCI 


SCO 


SO (Fetch) 


L 


L 


S1 (Execute) 


L 


H 


S2 (DMA) 


H 


L 


S3 (Interrupt) 


H 


H 



H = Vdd, L = Vss. 



TPA, TPB (2 Timing Pulses): 

Positive pulses that occurence in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to Interpret 
codes and to time Interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the 16-bit memory address. 

MAO to MAT (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-blt memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. the 
low-order byte of the 1 6-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 



fiVTO'CRead Laval): 

A low level onMRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 

Q: 

Single bit output from the CPU which can be set or reset, 
between the trailing edge of TPA and the leading edge of 
TPB, under program control. The Enable Toggle Q com- 
mand connects the Q-line flip-flop to the output of the 
counter, such that each time the counter decrements from 
01 to its next value, the Q line changes state. This command 
is cleared by a LOAD COUNTER (LDC) Instruction, a CPU 
reset, ora BRANCH COUNTER INTERRUPT (BCI) Instruc- 
tion with the counter Interrupt flip-flop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequency Is 5 MHz at Voo = 5 V. The clock is 
counted down internally to 8 clock pulses per machine 
cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 



I 



CLEAR 


WAIT 


MODE 


L 


L 


RUN (ROM/RAM) 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN (RAM ONLY) 



ME (Memory Enable) RUN (RAM ONLY) Moda 

This active low signal line is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that Ml is active 
(after clock 31). Thus, if this data is to be latched into an 
external de vice ( i.e., during an OUTPUT instruction or'DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. 

In the RUN (RAM ONLY) mode the Internal RAM is not 
internally mask-decoded. Decoding of the starting address 
is performed externally, and may reside in any €i4rbyte 
block of memory. 

iMS (External Memory Select) RUN (ROM/RAM) Moda 

This signal line is used for external memory expansion. It is 
low when external memory is being addressed and high at 
all other times. It is Initiated 1.5 clock periods after TPA (at 
which time alt addresses area table) and terminates at the 
end of the cycle. Use of EMS for memory selection allows 
3.5 clock cycles for data access. 
Voo, Vss, (Power Levels): 

Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vdd is the positive supply 
voltage terminal. All outputs swing from Vss to Vdd. The 
recommended input voltage swing is from Vss to Vdd. 
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Fig. 2 shows a block diagram of the CDP1804AC. The 
principal feature of this system is a register array (R) 
consisting of sixteen IG-bit scratchpad registers. Individual 
registers in the array (R) are designated (selected) by a 4-bit 
binary code from one of the 4-bit registers labeled N, P, and 
X. The contents of any register can be directed to any one of 
the following three paths: 

1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

The three paths, depending on the nature of the Instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded Into the I 
register and the lower-order 4 bits Into the N register. The 
content of the program counter is automatically incremented 
by one so that R(P) is now "pointing" to the next byte in the 
memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending bn the type of instruction fetched: 

1. designate one of the 16 registers In R to be acted 
upon during register operations 

2. indicate to the I/O devices a command code or 
device-selection code for peripherals 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific opera- 
tion required in a class of miscellaneous instructions 

4. indicate the value to be loaded Into P to designate a 
new r0gister to be used as the program counter R(P) 

5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to subroutine . When Interrupts 
are being serviced, register R(1) is used as the program 



counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 

Data Pointers 

The registers In R may be used as data pointers to indicate a 
location In memory. The register designated by X (i.e., R(X)) 
points to memory for the following Instructions (see Table 
I): 

1. ALU operations 

2. output Instructions 

3. Input Instructions 

4. register *- -* memory transfer 

5. interrupt and subroutine handling. 

The register designated by N (i.e., R(N)) points to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store D" instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 70, 7D. 7F, and the RLDI 
instruction 68CN. During these instruction executions, the 
operation is referred to as "data immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle In the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-ln) the memory location pointed to by the R(P) 
register. At the end of the transfer, R(0) is Incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1804AC 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 

Data Registers 

When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order^byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
Instructions, such registers may be used as loop cpunters. 
The new RLDI, RLXA, RSXD, and RNX instructions also 
allow loading, storing, and exchanging the full 16-bit 
contents of the R registers. The new DBNZ instruction 
allows decrementing and branching-on-not-zero of any 16- 
bit R register without affecting the D register. 

The Q Fllp-Flop 

An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions, it 
can also be driven by the output of the timer/counter. The 
output of Q is also available as a microprocessor output. 
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Register Summary 



D 


8 Bits 


Data Register (Accumulator) 


DF 


1 Bit 


Data Flag (ALU Carry) 


B 


8 Bits 


Auxiliary Holding Register 


R 


16 Bits 


1 of 16 Scratchpad Registers 


P 


4 Bits 


Designates which Register is 
Program Counter 


X 


4 Bits 


Designates which Register is 
Data Pointer 


N 


4 Bits 


Holds Low-Order Instr. Digit 


I 


4 Bits 


Holds High-Order Instr. Digit 


T 


8 Bits 


Holds old X, P after Interrupt 
(X is high nibble) 


Q 


1 Bit 


Output Flip-Flop 


CH 


8 Bits 


Holds Counter Jam Value 


MIE 


1 Bit 


Master Interrupt Enable 


CIE 


1 Bit 


Counter Interrupt Enable 


XIE 


1 Bit 


External Interrupt Enable 


CIL 


1 Bit 


Counter Interrupt Latch 



Interrupt Servicing 

Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current Instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further interrupts. The user's interrupt routine is now In 
control; the contents of T may be saved by means of a single 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 



Interrupt Genaratlon and Arbitration 
(See Fig. 5) 

Interrupt requests can be generated from the following 
sources: 

1. Externally through the interrupt input (Request not 
latched) 

2. Internally due to timer/counter response (Request is 
latched) 

a. On the transition from count (01 )ie to its next value 
(counter underflow) ^^_^ 

b. On the / transition of EF1 in pulse measure- 
ment mode 1 

c. On the / transition of EF2 in pulse measure- 
ment mode 2 



For an Interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal timer/counter interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 
application of a hardware reset, and, can be selectively 
enabled or disabled with software: CIE, CID instructions for 
the CIE flip-flop; XIE, XID instructions for the XIE flip-flop; 
RET, DIS Instructions for the MIE flip-flop. 
Short branch instructions on Counter Interrupt (BCI) and 
External interrupt (BXI) can be placed in the user's interrupt 
service routine to provide a means of identifying and 
prioritizing the Interrupt source. Note, however, that since 
the External interrupt request is not latched, it must remain 
active until the short branch Is executed if this priority 
arbitration scheme Is used. 

Interrupt requests can also be polled if automatic interrupt 
service is not desired (MlE^O). With the Counter interrupt 
and External Interrupt short branch instructions, the branch 
will be talcen If an interrupt request Is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal will be reset when 
the branch is tai<en, when the CPU is reset, or with a I.DC 
instruction with the Counter stopped. 
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Fig. 5 - Interrupt logic-control diagram for CDP1804AC. 
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TImtr/Counter and Controls (••• Fig. 6) 

This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 prescaler. 
After counting down to (01)ie the counter returns to its 
Initial value at the next count and sets the Counter I nterrupt 
Latch. It will continue decrementing on subsequent counts. 
If the counter is preset to (00)i6 a full 256 counts will occur. 

During a Load Counter instruction (LOG) if the counter was 
stopped with a STPC Instruction, the counter and its 
holding register (OH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If the 
LDC is executed when the counter is running, the contents 
of the D register are loaded into the holding register (OH) 
only and any previous counter interrupt is not cleared. After 
counting down to (01)i6 the next count will load the new 
initial value into the counter, set the Counter Interrupt 
Latch, and operation will continue. 

The timer/counter has the following five programmable 
modes: 

1. Eve nt Counter 1: Input to counter is connected to the 
EF1 terminal. The hIgh-to-low transition decrements 
the counter. 

2. Event Counter 2: Input to counter is connected to the 
EFS terminal. The high-to-low transition decrements 
the counter. 

3. Timer: Input to counter is from the dlvide-by-32 pre- 
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode or stopped by a STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 



decrements the counter if the Input signal at EH 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched, if the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 
Pulse Duration Measurement 2: Operatio n Is id entical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate ihput. 



The modes can be changed without affecting the stored 
count. 

Those modes which use eFT and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 

The Stop Counter (STPC) instruction clears the counter 
mode and stops Counting. The STPC instruction should be 
executed prior to a GEO instruction, if the counter is in the 
Event Counter Mode 1 or 2. 

I n addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 

The Enable Toggle Q instruction (ETQ) connects the Q-llne 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action Is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle condition is cleared by an LDC with the 
timer/counter stopped; system Reset, or a BCI with Cl=1. 
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Fig. 6 - Timer/Counter diagram for CDP1d04AC. 
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On-Board Clock (ttt Fig. 7 and 8) 

Clock circuits may use either an external crystal or an RC 
network. 

The crystal is co nnected between terminals 1 and 39 
(CLOCK and XTAL) in parallel with a resistance (1 megohm 
typ.). 

Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information on crystal oscillators, 
see ICAN-6565. Because of the Schmitt Trigger input, an 
RC oscillator cain be used as shown in Fig. 7. The frequency 
is approximately 1/RC (see Fig. 8). 



R 
-AAAr- 



CLOCK( 
C: 



— h->>^ 



, XTAL 



92CS-3I056 

Fig. 7 - RC network for oscillator. 




2 468 2 468 2 4 68 2 4 68 2 4 68 2 468 
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FREQUENCY (Hz) 

92CS- 34172 



RESET 

Registers I, N, Q, counter prescaier, and Counter interrupt 
Latch are reset. XIE and CIE are set and O's (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in SI. The state of the 
timer/counter is unaffected by the RESET operation. 

The first machine cycle after termination of reset is an 
initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains in S1 , X, P-*T, and then registers 
X, P, R(0) are reset, and MIE is set. Interrupt and DMA 
servicing suppressed during the initialization cycle. The 
next cycle is an SO or an S2 but never an S1 or S3. The use of 
a 71 instruction followed by 00 at memory locations 0000 
and 0001. may be used to reset MIE, so as to preclude 
interrupts until ready for them. Power-up reset/run (ROM 
/RAM) can be realized by connecting an RC network to 
WAIT (See Fig. 9). 



The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 



92CS-34979 

Fig. 9 " Reset/ Rurj (ROM /RAM) diagram. 

PAUSE 

Stops the internal CPU timing generator, freezing the state 
of the processor. Pause can occur at two points in a 
machine cycle, on the low-to-high transition of either TPA 
or TPB. 

The oscillator continues to run but subsequent clock 
transitions are ignored. TPA and TPB remain at their 
previous state (see Fig. 10). 

If Pause is entered while in the event counter mode, the 
appropriate Flag transitions will continue to decrement the 
counter. 




I 



Fig. 8 ' Nominal component values as a function 
of frequency for the RC oscillator. 



CONTROL MODES 



CLEAR 


WAIT 


MODE 


L 


L 


RUN (ROM/RAM) 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN (RAM ONLY) 



The function of the modes are defined as follows: 



TPA PAUSE TIMING 



ENTER RESUME 
PAUSE RUN 



I i 




" Y '"" .!, '" ./ I^tsu 
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CONTROL MODES (Conf d) 



ARCHITECTURE (Confd) 



TPB PAUSE TIMING 



ENTER RESUME 
PAUSE RUN 




WAIT 



d2CM- 31944 
NOTE: 

PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE CLOCK 
CYCLE IN DURATION. COULD BE INFINITELY LONG. 

Fig. 10 ^ Pause mode timing waveforms. 



RUN 

May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 9). 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. The 
initialization cycle is then fottowed by a DMA (32) cycle or 
fetch (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS O—BUS 7 and TXE contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 9) and the CLOCK 
input (see Fig. 7). 



STATE TRANSITIONS 



The CDP1804AC state transitions are shown in Fig. 11. clock pulses, except the initialization cycle (INIT) which 
Each machine cycle requires the same period of time, 8 requires 9 clock pulses. 



I OLE* DMA* INT 



FORCE SI 

(LONG BRANCH, 

LONG SKIP. NOP, RSXO, ETC) 




INT* Diss. ?5rSFs1 



PRIORITY: FORCE SO, SI INT*OMA 

DMA IN 
SiSrAOUT 



Fig. 11 - state transition diagram. 
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INSTRUCTION SET 



The CDP1804AC instruction summary is given in Table I. 
Hexadecimal notation is used to refer to the 4-bit binary 
codes. 

In alt registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W=N or X, or P 



R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 
Operation Notation 

M(R(N))-*D;R(N) + 1-R(N) 

This notation means: The memory byte pointed to by R(N) 
Is loaded Into D, and R(N) is incremented by 1. 



TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17) 








NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


MEMORY REFERENCE i 


LOAD IMMEDIATE 


2 


LDI 


F8 


M(R(P))-D:R(P)+1-R(P) 


REGISTER LOAD IMMEDIATE 


5 


RLDI 


68CN" 


M(R(P)HR(N).1; M(R(P))+1- 
R(N).0; R(P)+2-R(P) 


LOAD VIA N 


2 


LDN 


ON 


M(R(N))-D;FORNNOT0 


LOAD ADVANCE 


2 


LDA 


4N 


M(R(N)HD;R(N)+1-R(N) 


LOAD VIA X 


2 


LDX 


FO 


M(R(X))-D 


LOAD VIA X AND ADVANCE 


2 


LDXA 


72 


M(R(X))-*D;R(X)+1-*R(X) 


REGISTER LOAD VIA X AND 


5 


RLXA 


686N" 


M(R(X)HR(N).1; M(R(X)+1)- 


ADVANCE 








R(N).0; R(X))+2-R(X) 


STORE VIA N 


2 


STR 


5N 


D-M(RN)) 


STORE VIA X AND DECREMENT 


2 


STXD 


73 


D-*M(R(X));R(X)-1-R(X) 


REGISTER STORE VIA X AND 


5 


RSXD 


68AN" 


R(N).0-M(R(X)); R(N).1- 


DECREMENT 








M(R(X)-1): R(X)-2-R(X) 


REGISTER OPERATIONS 1 


INCREMENT REG N 


2 


INC 


1N 


R(N)+1-R(N) 


DECREMENT REG N 


2 


DEC 


2N 


R(N)-1-R(N) 


DECREMENT REG N AND LONG 


5 


DBNZ 


682N 


R(N)-1--R(N); IF R(N) NOT 0, 


BRANCH IF NOT EQUAL 








M(R(P))-*R(P).1. M(R(P)+1)-* 
R(P).0, ELSE R(P)+2-*R(P) 


INCREMENT REG X 


2 


IRX 


60 


R(X)+1-R(X) 


GET LOW REG N 


2 


GLO 


8N 


R(N).0-D 


PUT LOW REG N 


2 


PLO 


AN 


D-*R(N).0 


GET HIGH REG N 


2 


GHI 


9N 


R(N).1-*D 


PUT HIGH REG N 


2 


PHI 


BN 


D-R(N).1 


REGISTER N TO REGISTER X COPY 


4 


RNX 


68 BN* 


R(NHR(X) 


LOGIC OPERATIONS (Note 6) | 


OR 


2 


OR 


F1 


M(R(X)) OR D--D 


OR IMMEDIATE 


2 


ORI 


F9 


M(R(P)) OR D-D; 
R(P)+1-R(P) 


EXCLUSIVE OR 


2 


XOR 


F3 


M(R(X)) XOR D-D 


EXCLUSIVE OR IMMEDIATE 


2 


XRI 


FB 


M(R(P)) XOR D-D; 
R(P)+1-R(P) 


AND 


2 


AND 


F2 


M(R(X)) AND D-D 


AND IMMEDIATE 


2 


ANI 


FA 


M(R(P)) AND D-D; 
R(P)+1-R(P) 


SHIFT RIGHT 


2 


SHR 


F6 


SHIFT D RIGHT, LSB(D)-DF, 
O-MSB(D) 


SHIFT RIGHT WITH CARRY 


2 


SHRC ] 


76A 


SHIFT D RIGHT. LSB(D)-DF, 


RING SHIFT RIGHT 


2 


RSHR 




DF-MSB(D) 


SHIFT LEFT 


2 


SHL 


FE 


SHIFT D LEFT, MSB(D)-DF, 
O-LSB(D) 



I 



■Previous contents of T register are destroyed during instruction execution. 

^This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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TabI* I - INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


LOGIC OPERATIONS (Note 5) (Cont'd) | 


SHIFT LEFT WITH CARRY 


2 


SHLC \ 


7EA 


SHIFT D LEFT. MSB(D)-DF, 


RING SHIFT LEFT 


2 


RSHL > 




DF-LSB(D) 


ARITHMETIC OPERATIONS (Note 5) | 


ADD 


2 


ADD 


F4 


M(R(X))+D-DF. D 


DECIMAL ADD 


4 


DADD 


6BF4 


M(R(X))+D-DF. D 
DECIMAL ADJUST--DF, D 


ADD IMMEDIATE 


2 


ADI 


FC 


M(R(P))+D-*DF. D: R(P)+1-R(P) 


DECIMAL ADD IMMEDIATE 


4 


DAD! 


68FC 


M(R(P))+D-DF.D 

R(P)+1--R(P) 

DECIMAL ADJUST-DF. D 


ADD WITH CARRY 


2 


ADC 


74 


M(R(X))-»-D+DF^DF, D 


DECIMAL ADD WITH CARRY 


4 


DADO 


6874 


M(R(X))+D+DF-DF. D 
DECIMAL ADJUST--DF, D 


ADD WITH CARRY. IMMEDIATE 


2 


ADCI 


7C 


M(R(P))+D+DF-DF. D 
R(P)+1-R(P) 


DECIMAL ADD WITH CARRY. 


4 


DACI 


687C 


M(R(P))+D+DF-DF, D 


IMMEDIATE 








R(P)+1-*R(P) 

DECIMAL ADJUST-DF, D 


SUBTRACT D 


2 


SD 


F5 


M<R(X))-D-DF. D 


SUBTRACT D IMMEDIATE 


2 


SDI 


FD 


M(R(P))-D-DF. D; 
R'P)+1-R(P) 


SUBTRACT D WITH BORROW 


2 


SDB 


75 


M(R(X))-D-(NOT DFHDF. D 


SUBTRACT D WITH 


2 


SDBI 


7D 


M(R(P))-D-(NOT DF)-DF. D; 


BORROW, IMMEDIATE 








R(P)+1-R(P) 


SUBTRACT MEMORY 


2 


SM 


F7 


D-M(R(X))-DF. D 


DECIMAL SUBTRACT MEMORY 


4 


DSM 


68F7 


D-M(R(X))-*DF, D 
DECIMAL ADJUST-DF. D 


SUBTRACT MEMORY IMMEDIATE 


2 


SMI 


FF 


D-M(R(P))-DF. D; 
R(P)+1-R(P) 


DECIMAL SUBTRACT MEMORY. 


4 


DSMI 


68FF 


D-M(R(P))-*DF. D 


IMMEDIATE 








R(P)+1-R(P) 

DECIMAL ADJUST-DF.D 


SUBTRACT MEMORY WITH BORROW 


2 


SMB 


77 


D-M(R(X))-(NOT DFHDF. D 


DECIMAL SUBTRACT MEMORY 


4 


DSMB 


6877 


D-M(R(X))-(NOT DFHDF, D 


WITH BORROW 








DECIMAL ADJUST-DF.D 


SUBTRACT MEMORY WITH 


2 


SMBI 


7F 


D-M(R(P))-(NOT DF)-DF. D 


BORROW, IMMEDIATE 








R(P)+1-R(P) 


DECIMAL SUBTRACT MEMORY 


4 


DSBI 


687F 


D-M(R(P))-(NOT DF)-*DF. D 


WITH BORROW, IMMEDIATE 








R(P)+1-R(P) 

DECIMAL ADJUST-DF. D 


BRANCH INSTRUCTIONS - SHORT BRANCH 


SHORT BRANCH 


2 


BR 


30 


M(R(P))-R(P).0 


NO SHORT BRANCH (SEE SKP) 


2 


NBR 


38A 


R(P)+1-R(P) 


SHORT BRANCH IF D = 


2 


BZ 


32 


IF D = 0, M(R(P))-*R(P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF D NOT 


2 


BNZ 


3A 


IF D NOTO, M(R(P))-*R(P).0 
ELSE R(P)+1-*R(P) 



^This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Tabl« I — INSTRUCTION SUMMARY (Cont'd) 












NO. OF 












MACHINE 




OP 






INSTRUCTION 


CYCLES 


MNI^MONIC 


CODE 


OPERATION 




BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd) 




SHORT BRANCH IF DF = 1 


2 


BDF-j 


33A 


IFDF = 1.M(R(P))-R(P).0 




SHORT BRANCH IF POS OR ZERO 


2 


BPZ 




ELSER(P)+1-R(P) 




SHORT BRANCH IF EQUAL OR 


2 


BGE * 








GREATER 












SHORT BRANCH IF DF = 


2 


BNF -J 


3BA 


IF D = 0. M(R(P))--R(P).0 




SHORT BRANCH IF MINUS 


2 


BM 




ELSER(P)+1-R(P) 




SHORT BRANCH IF LESS 


2 


BL i 








SHORT BRANCH IF = 1 


2 


BQ 


31 


IFQ=1.M(R(P))-R(P).0 
ELSER(P)+1-*R(P) 




SHORT BRANCH IF Q = 


2 


BNQ 


39 


IFQ = O.M(R(P))-R(P).0 
ELSER(P)+1-*R(P) 




SHORT BRANCH IF EF1 = 1 


2 


B1 


34 


IFEF1 =1,M(R(P))-R(P).0 




(EF1 = Vss) 








ELSER(P)+1-R(P) 




SHORT BRANCH IF EF1 = 


2 


BN1 


3C 


IFEF1 =0, M(R(P))-R(P).0 




(EF1 = Voo) 








ELSER(P)+1-R(P) 




SHORT BRANCH IF EF2 = 1 


2 


B2 


35 


IFEF2 = 1.M(R(P))--R(P).0 




(EF2 = Vss) 








ELSER(P)+1--R(P) 




SHORT BRANCH IF EF2 = 


2 


BN2 


3D 


IFEF2 = 0, M(R(P))-R(P).0 




(EF2 = Vdd) 








ELSER(P)+1-R(P) 




SHORT BRANCH IF EF3 = 1 


2 


B3 


36 


IFEF3 = 1.M(R(P))-R(P).0 




EF3 = Vss) 








ELSER(P)+1-*R(P) 




SHORT BRANCH IF EF3 = 


2 


BN3 


3E 


IFEF3 = 0. M(R(P))-R(P).0 




EF3 = Vod) 








ELSER(P)+1--R(P) 




SHORT BRANCH IF EF4= 1 


2 


B4 


37 


IFEF4=1.M(R(P))-R(P).0 




EF4 = Vss) 








ELSER(P)-»-1-R(P) 




SHORT BRANCH IF EF4 = 


2 


BN4 


3F 


IFEF4=0. M(R(P))-R(P).0 




(EF4 = Vdo) 








ELSER(P)+1-R(P) 




SHORT BRANCH ON 


3 


BCI 


683E* 


IF CI =1, M(R(P))-R(P).0; 0-CI 




COUNTER INTERRUPT 








ELSER(P)+1-*R(P) 




SHORT BRANCH ON 


3 


BXI 


683F 


IFXI = 1,M(R(P))-R(P).0 




EXTERNAL INTERRUPT 








ELSER(P)+1-*R(P) 




BRANCH INSTRUCTIONS - LONG BRANCH 




LONG BRANCH 


3 


LBR 


CO 


M(R(P))-R(P).1, M(R(P)+1)-R(P).0 




NO LONG BRANCH (SEE LSKP) 


3 


NLBR 


08^ 


R(P)+2-R(P) 




LONG BRANCH IF D = 


3 


LB2 


C2 


IFD = 0, M(R(P))-^R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 




LONG BRANCH IF D NOT 


3 


LBNZ 


CA 


IFDNOTO, M(R(P))-R(P).1 
M(R(P)+1)-R{P).0 
ELSE R(P)+2-R(P) 




LONG BRANCH IF DF=1 


3 


LBDF 


03 


IFDF = 1,M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSER(P)+2-R(P) 




LONG BRANCH IF DF = 


3 


LBNF 


CB 


IFDF = 0. M(R(P))-R(P).1 
M(R(P)+1)-R(P),0 
ELSE R(P)+2-R(P) 




LONG BRANCH IF Q = 1 


3 


LBQ 


01 


IFQ=1,M(R(P))-R(P).1 
M(R(P)+1)--R(P).0 
ELSE R(P)+2-R(P) 




LONG BRANCH IF Q = 


3 


LBNQ 


09 


IFQ = 0. M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 




*This instryction is associated with more than one mn 


emonic. Each m 


nemonic Is lndivldu« 


ally listed. 






•ETQ cleared by LDC. reset of CPU. or BCI • (CI = 1). 


CI = Count 


er Interrupt, XI = Ext 


ernal Interru 


pt. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


SKIP INSTRUCTIONS | 


SHORT SKIP (SEE NBR) 


2 


SKP 


38^ 


R(P)+1-*R(P) 


LONG SKIP (SEE NLBR) 


3 


LSKP 


08^ 


R(P)+-R(P) 


LONG SKIP IF D = 


3 


LSZ 


CE 


IFD = 0, R(P)-»-2-*R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 


3 


LSNZ 


06 


IFDNOT0.R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF= 1 


3 


LSDF 


OF 


IFDF=1,R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF = 


3 


LSNF 


07 


IFDF = 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IFQ = 1 


3 


LSQ 


CD 


IFQ= 1, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF Q = 


3 


LSNQ 


05 


IFQ = 0. R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF IE = 1 


3 


LSIE 


CO 


IFIE=1.R(P)+2-R(P) 
ELSE CONTINUE 


CONTROL INSTRUCTIONS | 


IDLE 


2 


IDL 


00^ 


STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 


NO OPERATION 


3 


NOP 


04 


CONTINUE 


SETP 


2 


SEP 


DN 


N-P 


SETX 


2 


SEX 


EN 


N-X 


SETQ 


2 


SEQ 


7B 


1-Q 


RESET Q 


2 


REQ 


7A 


0-Q 


PUSH X. P TO STACK 


2 


MARK 


79 


(X. P)-T; (X. P)-M(R(2)) 
THENP-*X;R(2)-*1-R(2) 


TIMER/COUNTER INSTRUCTIONS 


LOAD COUNTER 


3 


LDC 


6806' 


D-COUNTER; 0-CI; (IF COUNTER 
IS STOPPED) 


GET COUNTER 


3 


GEC 


6808 


COUNTER-D 


STOP COUNTER 


3 


STPC 


6800 


STOP COUNTER CLOCK; 
0-^32 PRESCALER 


DECREMENT TIMER/COUNTER 


3 


DTC 


6801 


COUNTER-1 -COUNTER 


SET TIMER MODE AND START 


3 


STM 


6807 


TPA^32-*COUNTER CLOCK 


SET COUNTER MODE 1 AND START 


3 


SCM1 


6805 


EF1 -COUNTER CLOCK 


SET COUNTER MODE 2 AND START 


3 


SCM2 


6803 


EF2-C0UNTER CLOCK 


SET PULSE WIDTH MODE 1 


3 


SPM1 


6804 


TPA.EF1 -COUNTER CLOCK; 


AND START 








EF1 jT STOPS COUNT 


SET PULSE WIDTH MODE 2 


3 


SPM2 


6802 


TPA.EF2-C0UNTER CLOCK; 


AND START 








EF2 / STOPS COUNT 


ENABLE TOGGLE Q 


3 


ETQ 


6809* 


IF COUNTER = 01 -NEXT 
COUNTER CLOCK jC \0-Qi 



^This Instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 

^An IDLE instruction initiates an 31 cy cle. A ll external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD is set to a logic '1 ' and the data bus floats. The processor will continue to IDLE until an I/O request 
(INTERRUPT, DMA-IN. or DMA-OUT)is activated. When the request is acknowledged, the IDLE cycle Is terminated and the I/O request is 
serviced, and then normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE must be enabled.) 

• ETQ cleared by LDC, reset of CPU or BCI • (01 = 1). 
CI = Counter Interrupt, XI = External Interrupt. 



70 



1800-Series Microprocessors and Microcomputers 



CDP1804AC 



Table I - INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


INTERRUPT CONTROL I 


EXTERNAL INTERRUPT ENABLE 


3 


XIE 


680A 


1-XIE 


EXTERNAL INTERRUPT DISABLE 


3 


XID 


680B 


O^XIE 


COUNTER INTERRUPT ENABLE 


3 


CIE 


680C 


1-CIE 


COUNTER INTERRUPT DISABLE 


3 


CID 


680D 


0-CIE 


RETURN 


2 


RET 


70 


M(R(X))-X, P; 
R(X)+1-R(X);1-MIE 


DISABLE 


2 


DIS 


71 


M(R(X)-X. P; 
R(X)+1-R(X);0-*MIE 


SAVE 


2 


SAV 


78 


T--M(R(X)) 


SAVET, D. DF 


6 


DSAV 


6876" 


R(X)-1-R(X),T-M(R(X)). 
R(XH-R(X), D-M (R(X)), 
R(X)-1-*R(X), SHIFT D 
RIGHT WITH CARRY, D-*M(R(X)) 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 


2 


0UT1 


61 


M(R(X))-*BUS: R(X)+1-R(X); 
N LINES =1 


OUTPUT 2 


2 


OUT 2 


62 


M(R(X))-*BUS: R(X)+1-R(X); 
N LINES = 2 


OUTPUTS 


2 


OUT 3 


63 


M(R(X))-BUS; R(X)+1-R(X); 
N LINES = 3 


OUTPUT 4 


2 


OUT 4 


64 


M(R(X))-*BUS: R(X)+1-R(X): 
N LINES = 4 


OUTPUT 5 


2 


OUTS 


65 


M(R(X))-BUS: R(X)+1-R(X); 
N LINES = 5 


OUTPUT 6 


2 


OUT 6 


66 


M(R(X))-BUS; R(X)+1-*R(X); 
N LINES = 6 


OUTPUT? 


2 


OUT? 


6? 


M(R(X))-*BUS; R(X)+1-*R(X): 
N LINES = 7 


INPUT 1 


2 


INP1 


69 


BUS^M(R{X)); BUS-D 
N LINES =1 




INPUT 2 


2 


INP2 


6A 


BUS-*M(R(X)): BUS-D 
N LINES = 2 




INPUTS 


2 


INP3 


6B 


BUS--M(R(X)); BUS-D 
N LINES = 3 




INPUT 4 


2 


INP4 


60 


BUS-M(R(X)); BUS-D 
N LINES = 4 




INPUTS 


2 


INPS 


6D 


BUS-M(R(X)); BUS-D 
N LINES = 5 




INPUT 6 


2 


INP6 


6E 


BUS-M(R(X)); BUS-D 
N LINES = 6 




INPUT? 


2 


INP? 


6F 


BUS-M(R(X)); BUS-D 












N LINES = 7 1 


CALL AND RETURN 


STANDARD CALL 


10 


SCAL 


688N" 


R(N).0-M(R(X)); 

R(N).1-M(R(X)-1): 

R(X)-2-R(X); R(P)-R(N); 

THENM(R(N))-R(P).1; 

M(R(N)+1)-R(P).0; 

R(N)+2-R(N) 


STANDARD RETURN 


8 


SRET 


689N" 


R(N)-*R(P): M(R(X)+1)-R(N).1: 

M(R(X)+2)-R(N).0: 

R(X)+2-*R(X) 



I 



■Previous contents of T register are destroyed during instruction execution. 
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NOTES FOR TABLE I 

1. Long-Branch, Long-Skip and No Op instructions 
require three cycles to complete (1 fetch + 2 execute). 

Long-Branch Instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 

a. Branch unconditionally 

b. Test for D=0 or D9^0 

c. Test for DF=0 or DF=1 

d. TestforQ=0orQ=1 

e. Effect an unconditional no branch 

if the tested condition Is met, then branching tal<es 
place; the branching address bytes are loaded in the 
high-and-low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence is fetched and executed. This operation is 
taken for the case of unconditional no branch (NLBR). 

2. The short-branch instructions are two or three bytes 
long. The first byte specifies the condition to be tested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 

The short branch instruction c^n: 

a. Branch unconditionally 

b. Test for D=0 or D#0 

c. Test for DF=0 or DF=1 

d. TestforQ=0orQ=1 

e. Test the status (1 or 0) of the four EF flags 

f. Effect an unconditional no branch 

g. Test for counter or external interrupts (BCI, BXI) 

If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program counter. 
This effects a branch within the current 256-byte page 
of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instruction in 
sequence Is fetched and executed. This same action is 
taken In the case of unconditional no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction In 
sequence is fetched and executed. This SKP instruction 
is Identical to the unconditional no-branch instruction 
(NBR) except that the sklpped-over byte' is not con- 
sidered part of the program. 

The Long-Skip Instructions take three cycles to com- 
plete (1 fetch + 2 execute). 



They can: 

a. Skip unconditionally 

b. Test for D=0 or D¥0 

c. Test for DF=0 or DF=1 

d. TestforQ=0orQ=1 

e. TestforMIE=1 

If the tested condition Is met. then Long Skip takes 
place; the current program counter is Incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition Is not met, then no action is taken. 
Execution is continued by fetching the next instruction 
In sequence. 

Instruction 6800 through 68FF take a minimum of 3 
machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMA and INT 
requests are not serviced until the end of the last 
execute cycle. 

Arithmetic Operations: 

The arithmetic and shift operations are the only 
instructions that can alter the content of DF. The syntax 
'(NOT DF)' denotes the subtraction of the borrow. 
Binary Operations: 
After an ADD instruction — 

DF=1 denotes a carry has occurred. Result Is 

greater than FFie. 

DF=0 denotes a carry has not occurred. 
After a SUBTRACT instruction — 

DF=1 denotes no borrow. D is a true positive 

number. 

DF=0 denotes a borrow. D Is In two's complement 

form. 

Binary Coded Decimal Operations: 
After a BCD ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than 99io. 

DF=0 denotes a carry has not occurred. 
After a BCD SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
decimal number. 
(Example) 99 D 

-88 M(R(X)) 

11 D DF=1 

DF=0 denotes a borrow. D is In ten's complement 
form. 
(Example) 88 D 

-99_ M(R(X)) 

89 D DF=0 

89 is the ten's complement of 11, which Is the 
correct answer (with a minus value denoted by 
DF=0). 
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yoo/ 01 \ 10/ II KSo/ 21 XSo/ 31 \ 40/ 4 I KSo/ 51 Xso/ei A 70/ 71 lOo/oI ^ 






MRD 
( MEMORY 
READ CYCLE)- 

MWR " 
(MEMORY 
WRITE CYCLE) 



_j^ 



'^ ME 
(MEMORY 
ENABLE) 

(EXTERNAL 
MEMORY 
SELECT) 



DATA FROM 
CPU TO BUS ' 



DATA FROM 
INTERNAL 
MEMORY 
TO BUS 



I t PLH. 
I *PHL 



STATE CODES 



^e 



N0,NI,N2 
(I/O 

EXECUTION 
CYCLE) 



DATA FROM Vy 
BUS TO CPU 



DMA 
REQUEST 



INTERRUPT 
REQUEST 



WJIT 



-tsu - 



'high order ^ 
■,ddress byte p 



^ 



R^ 



I ^ PLHI^ 



■♦PLH'*PHL 



LOW ORDER 
ADDRESS BYTE 



tPLH^ .JPHg 



1^ 



tpHL 



tsulS ALLOWABLE 
INTERNAL RAM 
ACCESS TIME 



-kr. 



'PLH 
*PHL 



3C 



/ 



DATA LATCHEDi 
IN CPU 



I I^PLHl/ 



F^ 



I I 
I I 



I -\ i 



r 



^ 



"•^^PLN'^PHL 



<PLH»*PHL 



^ 



DMA SAMPLED(SI,S2.S3) 



INTERRUPT 
SAMPLED (SI,S2) 




■\: 



FLAG LINES 
SAMPLED END OF SO 



A»su">hA 



"Vif/ 



* NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 
FORMS. 

3. SHADED ARE AS INDICATED "DON'T CARE" OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 

*FOR THE RUN (RAM ONLY) MODE ONLY. 
A FOR THE RUN (RAM/ROM) MODE ONLY. 



92CL- 34986 



fig. 12- Objective dynamic timing waveforms for CD PI 804 AC. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to 4-85° C, Cl = SO pF, Vdd = 5 V, ±5%. 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1804AC 


Typ.* 


Max. 


Propagation Delay Times: 
Clock to TPA, TPB 


tpLH, tpHL 


150 


275 


ns 


Clock-to-Memory High-Address Byte 


tpLH, tpHL 


325 


550 


Clock-to-Memory Low-Address Byte 


tpLH, tpHL 


275 


450 


Clock to MRD 


tpLH. tpHL 


200 


325 


Clock to MWR 


, tpLH, tpHL 


150 


275 


Clock to (CPU DATA to BUS) 


tpLH, tpHL 


375 


625 


Clock to State Code 


tpLH, tpHL 


225 


400 


Clock to Q 


tpLH, tpHL 


250 


425 


Clock to N 


tpLH, tpHL 


250 


425 


Clock to Internal RAM Data to BUS 


tpLH, tpHL 


420 


d50 


Clock to EMS 


tpLH, tpHL 


275 


450 




Minimum Set Up and Hold Times:" 
Data Bus Input Set-Up 


tsu 


-100 





ns 


Data Bus Input Hold 


tH 


125 


^25 


DMA Set-UD 


tsu 


-75 





DMA Hold 


tH 


100 


175 


ME Set-Up 


tsu 


-25 





ME Hold 


tH 


90 


150 


Interrupt Set-Up 


tsu 


-100 





Interrupt Hold 


tH 


100 


.175 


WAIT Set-Up 


tsu 


20 


50 


EF1-4 Set-up 


tsu 


-125 





EF1-4Hold 


tH 


175 


300 


Minimum Pulse Width Times:" 


twL 


100 


175 


ns 


CLEAR Pulse Width 


CLOCK Pulse Width 


twL 


75 


125 



•Typical values are for Ta = 25** and nominal Vdd. 

"Maximum limits of minimum characteristics are the values above which all devices function. 



TIMING SPECIFICATIONS as a function of T (T = 1/fcLocK) at Ta = 


-40 to +85° C, Vdd = 5 V, ±5%. 






CHARACTERISTIC 


LIMITS 


UNITS 


CDP1804AC 


Min. 


Typ.* 


High-Order Memory-Address Byte 
Set-Up to TPA ^ Time 


Tsu 


2T-275 


2T-175 


ns 


High-Order Memory-Address Byte 
Hold after TPA Time 


tH 


T/2-50 


T/2-15 


Low-Order Memory-Address Byte 
Hold after WR Time 


tH 


T+G 


T+100 


CPU Data to Bus Hold 
after WR Time 


tH 


T-200 


T-100 


Required Memory Access Time 
Address to Data 


tACC 


4.5T-400 


4.5T-175 



•Typical values are for Ta = 25** C and nominal Vdd. 
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TABLE IL CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 




N 
LINES 


MWR 


S1 


RESET 


0-Q.I.N. COUNTER 

PRESCALER. OIL; 

1-*CIE.XIE 


00 


UNDEFINED 


1 


1 





INITIALIZE 

NOT PROGRAMMER 

ACCESSIBLE 


X. P-*T THEN 
0-X, P;1-MIE.0000-R0 


OOA 


UNDEFINED 


1 


1 





SO 




FETCH 


MRP-1,N;RP+1-*RP 


MRP 


RP 





1 





S1 








IDL 


STOP AT TPB 
WAIT FOR DMA OR INT 


FL9AT 


RO 


1 


1 








1-F 


LDN 


MRN-D 


MRN 


RN 





1 





1 


0-F 


INC 


RN+1-RN 


FLOAT 


RN 


1 


1 





2 


0-F 


DEC 


RN-1-RN 


FLOAT 


RN 


1 


1 





3 


0-F 


SHORT 
BRANCH 


TAKEN: MRP-RP.O 
NOT TAKEN: RPtWRP 


MRP 


RP 





1 





4 


0-F 


LDA 


MRN-D:RN+1-*RN 


MRN 


RN 





1 





5 


0-F 


STR 


D-MRN 


D 


RN 


1 








6 





IRX 


RX+1-RX 


MRX 


RX 


1 


1 





6 


1 
2 
3 
4 
5 
6 
7 


0UT1 
OUT 2 
OUT 3 
OUT 4 
OUTS 
OUT 6 
OUT 7 


MRX-BUS; RX+1--RX 


MRX 


RX 





1 


1 

2 
3 
4 
6 
6 
7 


9 
A 
B 
C 
D 
E 
F 


INP1 
INP2 
INP3 
INP4 
INP5 
INP6 
INP7 


BUS-MRX, D 


DATA 
FROM 

I/O 
DEVICE 


RX 


1 





1 
2 
3 
4 
5 
6 
7 




7 





RET 


MRX-X,P;RX+1-RX 
1-*MIE 


MRX 


RX 





1 





1 


DIS 


MRX-^X.P; RX+1-RX 
0-MIE 


MRX 


RX 





1 





2 


LDXA 


MRX-D;RX+1-RX 


MRX 


RX 





1 





3 


STXD 


D-MRX;RX-1-RX 


D 


RX 


1 








4 


ADC 


MRX+D+DF--DF. D 


MRX 


RX 





1 





5 


SDB 


MRX-D-*DFN-*DF. D 


MRX 


RX 





1 





6 


SHRC 


LSB(D)-*DF; DF-MSB(D) 


FLOAT 


RX 


1 


1 





7 


SMB 


D-MRX-DFN-DF, D 


MRX 


RX 





1 





8 


SAV 


T-*MRX 


T 


RX 


1 








9 


MARK 


X,P-*T, MR2; P-*X 
R2-1-*R2 


T 


R2 


1 








A 


REQ 


0-Q 


FLOAT 


RP 


1 


1 





8 


SEQ 


1-0 


FLOAT 


RP 


1 


1 





C 


ADCI 


MRP+D+DF-DF, D; RP+1 


MRP 


RP 





1 





D 


SDBI 


MRP-D-DFN-DF, D; RP+1 


MRP 


RP 





1 





E 


SHLC 


MSB(D)-DF; DF-LSB(D) 


FLOAT 


RP 


1 


1 





F 


SMBI 


D-MRP-DFN-DF, D; RP+1 


MRP 


RP 





1 





8 


0-F 


GLO 


RN.O-D 


RN.O 


RN 


1 


1 





9 


0-F 


GHI 


RN.1-D 


RN.1 


RN 


1 


1 





A 


0-F 


PLO 


D-RN.O 


D 


RN 


1 


1 





B 


0-F 


PHI 


D-RN.1 


D 


RN 


1 


1 






▲ = Data bus floats for first 2-1/2 clocks of the 9 clock initialization cycle; all zeros for remainder of cycle. 
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TABLE II. CONOITiONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Conftl) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


iSwR 


N 
LINES 


S1#1 


C 


0-3, 
8-B 


LONG 
BRANCH 


TAKEN: MRP-B; RP+1-RP 


MRP 


RP 





1 





#2 


TAKEN:B-RP.1:MRP-RP.O 


M(RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN RP+1-RP 


MRP 


RP 





1 





#2 


NOT TAKEN: RP+1-RP 


M(RP+1) 


RP+1 





1 





S1#1 


5 
6 
7 
C 
D 
E 
F 


LONG 
SKIP 


TAKEN: RP+I-RP 


MRP 


RP 





1 





#2 


TAKEN: RP+1-RP 


M{RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN: NO 
OPERATION 


MRP 


RP 





1 





#2 


NOT TAKEN: NO 
OPERATION 


M(RP+1) 


RP+1 





1 





S1#1 


4 


NOP 


NO OPERATION 


MRP 


RP 





1 





#2 


NO OPERATION 


M(RP+1) 


RP+1 





1 





S1 


D 


0-F 


SEP 


N-P 


NN 


RN 


1 


1 





E 


0-F 


SEX 


N-X 


NN 


RN 


1 


1 





F 





LDX 


MRX-D 


MRX 


RX 





1 





1 
2 
3 
4 
5 
7 


OR 
AND 
XOR 
ADD 
SD 
SM 


MRX OR D-D 
MRX AND b-D 
MRX XOR D-D 
MRX+D-DF, D 
MRX-D-DF, D 
D-MRX-DF; D 


MRX 


RX 





1 





6 


SHR 


LSB(D)-DF;0-MSB(D) 


FLOAT 


RX 


1 


1 





8 
9 
A 
B 

D 
F 


LDI 
ORI 
ANI 
XRI 
ADI 
SDI 
SMI 


MRP-D;RP+1-RP 
MRP0RD-D;RP+1-RP 
MRPANDD-D;RP+1-RP 
MRPX0RD-D;RP+1-RP 
MRP+D-DF. D;RP+1-RP 
MRP-D-DF, D;RP+1-RP 
D-MRP-DF, D;RP+1-RP 


MRP 


RP 





1 





E 


SHL 


MSB(D)-DF;0-LSB(D) 


FLOAT 


RP 


1 


1 





S2 


DMA IN 


BUS-MR0;R0+1-R0 


DATA FROM 
I/O DEVICE 


RO 


1 








DMA OUT 


MR0-BUS;R0+1-R0 


MRO 


RO 





1 





S3 


INTERRUPT 


X,P-T;0-MIE 
1-P;2-X 


FLOAT 


RN 


1 


1 
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TABLE H. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Confd) 



STATE 


. 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"68" PRECEDES ALL THE OP CODES. SO THERE IS A DOUBLE FETCH 


S1 








STPC 


STOP COUNTER CLOCK; 
O-H-32 PRESCALER 


FLOAT 


RO 


1 


1 





1 


DTC 


CNTR-1-CNTR 


FLOAT 


R1 









2 


SPM2 


CNTR-1 ON EF2 AND TPA 


FLOAT 


R2 









3 


SCM2 


CNTR-1 ON EF2 TO 1 


FLOAT 


R3 









4 


SPM1 


CNTR-1 ON EF1 AND TPA 


FLOAT 


R4 









5 


SCM1 


CNTR-1 ON EF1 TO 1 


FLOAT 


R5 









6 


LDC 


D-CNTR;0-CIL 
(IF CNTR IS STOPPED) 


D 


R6 









7 


STM 


CNTR-1 ON TPA-^32 


FLOAT 


R7 









8 


GEC 


CNTR-D 


CNTR 


R8 









9 


ETQ 


IF CNTR THRU 0:Q-Q 


FLOAT 


R9 









A 


XIE 


1-XIE 


FLOAT 


RA 









B 


XID 


0-XIE 


FLOAT 


RB 









C 


CIE 


1-CIE 


FLOAT 


RC 









D 


CID 


0-CIE 


FLOAT 


RD 









S1#1 


2 


0-F 


DBNZ 


RN-1-RN 


FLOAT 


RN 









#2 


MRP-*B; RP+1-RP 


MRP 


RP 





• 





#3 


TAKEN: B-RP.1; MRP- 

RP.O NOT TAKEN: 

RP+1-RP 


M(RP+1) 


RP+1 





■ 





S1 


3 


E 


BCI 


TAKEN: MRP-RP.O; 

0-CI 

NOT TAKEN: RP+1-RP 


MRP 


RP 





1 





F 


BXI 


TAKEN: MRP-RP.O 
NOT TAKEN: RP+1-RP 


MRP 


RP 










S1#1 


6 


0-F 


RLXA 


MRX-B. RX+1-*RX 


MRX 


RX 










#2 


B-*T;MRX--B;RX+1-*RX 


M(RX+1) 


RX+1 










#3 


B. T-RN.O. RN.1 


FLOAT 


RN 


1 







S1#1 


7 


4 


DADC 


MRX-fD+DF-*DF. D 


MRX 


RX 










#2 


DECIMAL ADJUST-DF. D 


FLOAT 


RP 


1 




1 


S1#1 


7 


6 


DSAV 


RX-1-RX 


FLOAT 


RX 


1 


1 





#2 


T-MRX; RX-1-RX 


T 


RX-1 


1 








#3 


D-MRX;RX-1-RX 

SHIFT D RIGHT WITH 

CARRY 


D 


RX-2 


1 








#4 


D-*MRX 


D 


RX-3 


1 








S1#1 


7 


7 


DSMB 


D-MRX-(NOT DF)-DF. D 


MRX 


RX 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP 


1 







S1#1 


7 


C 


DACI 


MRP+D+DF-DF, D; 
RP+1-RP 


MRP 


RP 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP+1 


1 







S1#1 


7 


F 


DSBI 


D-MRP-(NOT DF)-DF, D; 
RP+1-RP 


MRP 


RP 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP+1 


1 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Conrd) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 




N 
LINES 


MWR 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"68" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


S1#1 


8 


0-F 


SCAL 


RN.O, RN.1-*T, B 


FLOAT 


RN 


1 


1 





#2 


T-*MRX;RX-1-RX 


RN.O 


RX 


1 








#3 


B-MRX. RX-1-RX 


RN.1 


RX-1 


1 








#4 


RP.O. RP.1-T. B 


FLOAT 


RP 


1 







#5 


B. T-RN.1.RN.0 


FLOAT 


RN 


1 







#6 


MRN-*B;RN+1-*RN 


MRP 


RP 










#7 


B-T:MRN-B:RN+1-RN 


M(RP+1) 


RP+1 










#8 


B, T-RP.O, RP.1 


FLOAT 


RP 


1 







S1#1 


9 


0-F 


SRET 


RN.O. RN.1-T. B 


FLOAT 


RN 


1 







#2 


RX+1-RX 


FLOAT 


RX 


1 







#3 


B, T-RP.1.RP.0 


FLOAT 


RP 


1 







#4 


MRX-*B;RX+1-*RX 


M(RX+1) 


RX+1 










#6 


B-T;MRX-*B 


M(RX+1) 


RX+2 










#6 


B, T-RN.O, RN.1 


FLOAT 


RN 


1 







S1#1 


A 


0-F 


RSXD 


RN.O, RN.1-T, B 


FLOAT 


RN 


1 







#2 


T-MRX; RX-1-RX 


RN.O 


RX 


1 







#3 


B--MRX;RX-1-RX 


RN.1 


RX-1 


1 







S1#1 

#2 


B 


0-F 


RNX 


RN.O, RN.1-T, B 


FLOAT 


RN 


1 







B, T-*RX.1.RX.O 


FLOAT 


RX 


1 







S1#1 


C 


0-F 


RLDI 


MRP-B:RP+1-RP 


MRP 


RP 







. 


#2 


B-T:MRP-B:RP+1-RP 


MrRP+1) 


RP+1 










#3 


B, T-*RN.O, RN.1;RP+1-*RP 


FLOAT 


RN 


1 







S1#1 


F 


4 


DADD 


MRX+D-DF. D 


MRX 


RX 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP 


1 







S1#1 

#2 


F 


7 


DSM 


D-MRX-*DF, D 


MRX 


RX 










DECIMAL ADJUST-DF, D 


FLOAT 


RP 


1 







S1#1 


F 


C 


DADI 


MRP+D-DF. D; 
RP+1-RP 


MRP 


RP 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP+1 


1 




d 


S1#1 


F 


F 


DSMI 


D-MRP-DF, D 
RP+1-RP 


MRP 


RP 










#2 


DECIMAL ADJUST-*DF, D 


FLOAT 


RP+1 


1 
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Instruction Summary 
N 








1 


1 2 1 3 


4 


5 


1 6 


7 1 8 


9 


A 


B 


1 c 


D 


LeJ F J 





IDL 


LDN 1 


1 


INC 


2 


DEC 


3 


BR 


BQ 


1 BZ 1 BDF 


B1 


B2 


1 B3 


B4 1 SKP 


BNQ 


BNZ 


BNF 


1 BN1 


BN2 


1 BN3 1 BN4 1 


4 


LDA 


5 


STR 


6 


IRX 


OUT 


* 


INP 1 


7 


RET 


DIS 


IldxaIstxd 


ADC 


SDB 


ISHRC 


SMB 


SAV 


MARK 


REQ 


SEQ 


Iadci 


SDBI 


ISHLClSMBll 


8 


GLO 


9 


GHI 


A 


PLO 


B 


PHI 


C 


LBR 


LBQ 


1 LBZ IlBDF 


NOP 


LSNQ 


[lsnz 


LSNF 1 LSKP 


LBNQ 


LBNZ 


LBNF 


1 LSIE 


LSQ 


1 LSZ 1 lsdfI 


D 


SEP 


E 


SEX 


F 


LDX 


OR 


1 AND 1 XOR 


ADD I 


SD 


ISHR 


SM 1 LDI 


ORI 


ANI 


XRI 


1 ADI 


SDI 


1 SHL 1 SMI 1 




•68' LINKED OPCODES (DOUBLE FETCH) 





STPC 


DTC 


|SPM2|SCM2| 


SPM1 1 


SCM1 


LDC 


STM 1 GEC 


ETQ 


XIE 


XID 


1 CIE 


CID 


f - 1 - 1 


2 


DBNZ 


3 


^|^|^|^|^|^|^|_|^|^|^|^|^|^|BCllBXI 


6 


RLXA 


7 


- i 





1 - 1 - 1 


DADCl 





IdsavI 


DSMB 1 - 


- 







DACI 





1 - IdsbiI 


8 


SCAL 


9 


SRET 


A 


RSXD 


B 


RNX 


C 


RLDI 


F 


~ 1 


— 


1 - - 


daddI 


— 


- 


DSM 1 - 


~ 


- 


— 


DADI 


— 


1 - iDSMll 



I 



* 'SS' IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 



IMPORTANT NOTICE 

Early versions of the CDP1804AC (with NLBJ5, NLBT5, or NR appearing in the bottom brand) fully execute ail CDP1802 
family, CDP1805C, and CDP1806C instructions, plus the additional eight BCD arithmetic instructions and the new DBNZ 
instruction described in the CDP1804AC data sheet. They do not, however, execute the new DSAV instruction. 
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CDP1804AC Mask-Programming 



The ROM pattern for the CDP1 804AC may be submitted on a 
suitable media, such as a punched card deci<, floppy diskette, 
or EPROM as outlined below In the Programming Options. 

In addition to specifying the 2K-byte ROM pattern, the 
address space for the ROM and RAM must also be defined. 
The locations of ROM and RAM in the CDP1804AC are 
determined by AND-gate decoders which decode the upper 
memory addresses and are programmable at the time of 
ROM pattern masking during device fabrication. The logical 



values of the decoder inputs are selectable as 1 or P 
(positive) , or N (negative) , or X (don't care). A 5-bit decoder 
is used for the ROM selection, so the ROM can be placed at 
one or more of the 32 available 2K-byte blocks within the 
65,636 locations of memory. Similarly, the RAM has a 10-blt 
decoder and can be selected at one or more of the available 
64-byte blocks. If the RAM is located within the ROM space, 
the RAM will be enabled at the locations where both are 
mapped. The RAM may also be selectively disabled. 



Programming Options 



Address Options 

The logic levels of high-order address bits are mask 
programmable in the CDP1804AC. The high (1), low (0), or 
"don't cdre" (X) logic status of the high-order address bits is 
depend^tnt upon the desired starting address of the 2K-byte 
ROM block and the 64-byte RAM block. The desired logic 
levels fpr the high-order address bits (A1 5 through A6) can be 
select€*id by use of the ROM information sheet, as follows: 

1 . Translate the upper five hexadecimal starting address of 
the ROM block into binary. 



2. Translate the upper ten hexadecimal starting addresses 
of the RAM block into binary. 

3. Circle the corresponding 1 or in columns 28 through 43 
on the ROM Information Sheet, Part B. 

Multiple mapping can b6 achieved by choosing X (don't care) 
for one or more of the high-order address lines; this choice 
will cause the ROM or RAM block to appear In more than one 
location in the 64K memory space. The RAM may also be 
disabled completely by programming the RAM enable bit 
(Col. 43) to a 0. 



SPECIAL NOTE 

I ndicate your RAM starting address on the ROM information 
sheet, circling the address blocks under the RAM heading. 



Data Programming instructions 



When a customer submits instructions for programming 
RCA custom ROM's, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming Instruction. Program- 
ming instructions may be submitted in any one of three ways, 
as follows: 



1. 



Computer card deck ■— use standard 80-column com- 
puter punch cards. 

Floppy diskette — diskette Information must be generated 
on an RCA CDP1 800-series microprocessor development 
system. 



3. Master device — a ROM, PROM, or EPROM that contains 
the required programming information. 

The requirements for each method are explained in detail In 
the following paragraphs: 

Computer Card Method 

Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 



Titie Card 



Column No. 


Data 


1 

2-5 

6-30 

31-34 

35-54 

55-58 

59-63 

64 

65-71 

72 

73 

74 

75-78 

79-80 


Punch T 

leave blank 

•Customer Name (start at 6) 
•leave blank 

•Customer Address or Division (start at 35) 
•leave blank 

•RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 
•leave blank 
•RCA device type, without CDP prefix (e.g., 1804ACE) 

Punch an opening parenthesis ( 

Punch 8 

Punch a closing parenthesis ) 

leave blank 
Punch a 2-diglt decimal number to indicate the deck number; 

the first deck should be numbered 01 

• See ROM Information Sheet (Part A) 
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Data Programming Instructions (Cont'd) 



Option Card 



Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. j 


Column No. 


Data 


1-6 


Punch the word OPTION 


7 


leave blank 


8-17 


Punch CDP1804A 


18-27 


leave blank 


28-43 


Punch 1, 0, X, or leave blank per ROM Information Sheet (Part B) 


44-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in columns 79-80 of the title card) 



Data-Format Card 



The data-format card specifies the form In which the data Is to be entered into ROM. | 


Column No. 


Data 


1-11 


Punch the words DATA FORMAT 


12 


leave blank 


13-15 


Punch the letters HEX 


16 


leave blank 


17-19 


Punch POS 


20-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in columns 79-80 of the title card) 



I 



Data Cards 



The data cards contain the hexadecimal data to be programmed into the ROM device. 


Each card must contain the starting address plus sixteen words of data in clusters of four hex digits. 


Column No. 


Data 




Column No. 


Data 


1-4 


Punch the starting address 


26-27 


2 hex digits of 9th WORD 




in hexadecimal for the 




28-29 


2hexdigitsof lOth^WORD 




following data.* 




30 


Blank 


5 


Blank 




31-32 


2 hex digits of 11th WORD 


6-7 


2 hex digits of 1st WORD 




33-34 


2 hex digits of 12th WORD 


8-9 


2 hex digits of 2nd WORD 




35 


Blank 


10 


Blank 




36-37 


2 hex digits of 13th WORD 


11-12 


2 hex digits of 3rd WORD 




38-39 


2 hex digits of 14th WORD 


13-14 


2 hex digits of 4th WORD 




40 


Blank 


15 


Blank 




41-42 


2 hex digits of 15th WORD 


16-17 


2 hex digits or 5th WORD 




43-44 


2 hex digits of 16th WORD 


18-19 


2 hex digits of 6th WORD 




45 


Semicolon, blank if last card 


20 


Blank 








21-22 


2 hex digits of 7th WORD 




46-78 


Blank 


23-24 


2 hex digits of 8th WORD 




79-80 


Punch 2 decimal digits 


25 


Blank 






as in title card 



*The address block must be contiguous starting at an even-numbered address. (See Sample Card-Deck Printout on page 28.) 
Column 4 must be zero. 

To minimize power consumption, all unused ROM locations should contain zeros. 
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DMa Programming Instructions (Cont'd) 
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Sample Card-Deck Printout 



Floppy-Diskette Method 

The diskette contains the ROM address and data inform- 
ation. Title, option, and data-format information, which 
would otherwise be punched on computer cards, must be 
submitted on the ROM information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, GDP18S007, or CDP18S008) and 
supply a track number or file name, If possible, Include a 
printout of the program for verification purposes. The 
format of the address and data information is essentially the 
same as that shown on the Sample Card-Deck Printout with 
the addition of a carriage-return character at the end of 
each line and an end-of-file character (DCS) at the end of 
the file. 



Master-Device Method 

Data may be submitted on a master ROM, PROM, or 
EPROM device. Title, option, and data-format information, 
which would otherwise be punched on computer* cards, 
must be submitted on the ROM Information Sheet. In 
addition, speclfly the master device type; RCA will select 
Intel types 1702, 2332A, 2704, 2708, 2716, 2732, 2758. 
Supertex CM3200, Tl 4732, Motorola MCM68732, and 
Motorola MCM68A332, or their equivalents as well as RCA 
type CDP18U42. If more than one ROM pattern is stored in 
the master device, the starting address and size of each 
pattern must be stated on separate ROM Information 
Sheets. If the master-device is smaller than 2K bytes, the 
starting address of each master-device must be clearly 
identified. 
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ROM Information Sheet 



How is ROM pattern being submitted to RCA? 

check one Computer Cards D (Complete parts B and C) 

Floppy Diskette D (Complete parts A, B, C, and E) 

Master Device (PROM) D (Complete parts A, B, C, and D) 



< 
< 

Q. 


6-30 
35-64 
59-63 
65-71 


Customer Name (start at left) 


M 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 




1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 AHHr....rnM...n 




1 1 1 1 1 1 RCA Custom Number (Obtained from RCA Sales Office) 




1 1 1 1 1 1 1 1 ROM type without CDP prefix (e.g., 1804 ACE) 





I 



< 
a. 


INTERNAL 
MEMORY 




ROM 




RAM 




RAM 


INTERNAL 
ADDRESS 


A15 


A14 


A13 


A12 


A11 


A15 


A14 


A13 


A12 


A11 


A10 


AS 


A8 


A7 


AS 


ENABLE 


COL# 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


OPTIONS 
(circle one) 
1=actlvehlgh 
0=actlve low 
X=don't care 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


















































X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


- 



Starting address of CDP1804AC ROM and RAM blocks (In Hex) 
'' II I RAM I I II 



ROM 



If a master device is submitted, 
State type of ROM/PROM: 



Starting and last address 
of data block in the 
Master Device (in Hex). 



If a diskette is submitted, check type of 
RCA Development System used. 



D CDP18S005 

Specify: Track #L 



Software program used: 
(check one) 
n ROM SAVE 
D SAVE PROM 



a CDP1 88007 
a CDP18S008 

Specify: File Name: . 



Software program used: 
(check one) 
a MEM SAVE 
D SAVE PROM 



83 



RCA CMOS LSI Products 



CDP1805C, CDP1806C 











CLOCK 


1 ^ 


■" 40 


— Voo 


WAIT 


2 


39 


XtAL 


CLEAR — 


3 


38 


— 5MA IN 





4 


37 


— DMA Out 


SCI 


5 


36 


— INTERRUPT 


SCO 


6 


35 


— M¥rw 


MRO 


7 


34 


— TPA 


BUS 7 — 


e 


33 


TP8 


BUS 6 — 


9 


32 


MA7 


BUS 5 — 


10 


31 


MA6 


BUS 4- 


M 


30 


■ — MAS 


BUS 3 


12 


29 


MA4 


BUS 2 


13 


28 


MA3 


BUS 1 


14 


27 


MA2 


BUSO : 


15 


26 


MAI 


* 


16 


25 


MAO 


N2 1 


17 


24 


— CFT 


Nl -—J 


18 


23 


— eR 


NO 1 


19 


22 


E?3 


vss — 


20 


21 


— EF4 




TOP VIEW 


92CS-34767 


TERMINAL ASSIGNMENT { 



Preliminary Data 

CMOS 8-Bit Microprocessor With 
On-ChipRAM^ and Timer/Counter 



Performance Features: 

■ Instruction time of 4 fjs -4(y to 

+85*'C 

■ 113 instructions - upwards software 

compatible with CD PI 802 

■ Pin compatible with CD PI 802 

except for Vac terminal 



16 X 16 matrix of registers for use 
as memory pointers {program 
counters, data pointers, stack 
pointers) or as data storage 
registers 

On-chip crystal or RC controlled 
oscillator 

64K memory address capability 



-)(-ME FOR CDPI805C 
VoD FOR CDPI806C 

The RCA-CDP1805C and CDP1806C are functional and 
performance enhancements of the CDP1802 LSI CMOS 
8-bit register-oriented microprocessor series and are 
designed for use in a wide variety of general-purpose 
applications. 

The CDP1805C enhancements include a 64-byte RAM 
array, an 8-bit presettable down-counter, and 22 additional 
software instructions, that add subroutine call and return 
capability, enhanced data transfer manipulation, and control 
over the counter modes and interrupt arbitration. 

The timer/counter generates an internal interrupt request 
on underflow that can be directed to the Q output line can 
be used in time-base, event-counting, and pulse duration 
measurement applications. 

The CDP1806C enhancements are identical to those of the 
CDP1806C, but the CDP1806C contains no on-chip RAM. 



A CDP1805Conly 



Upwards software and hardware compatibility are 
maintained when substituting a CDP1805C, CDP1806C for 
other CDP1800-series microprocessors. Pinout is id entif ical 
except for the replacement of Vcc with ME on the 
CDP1805C and the replacement of Vcc with Vdd on the 
CDP1806C. 

Timing for the CDP1805C and CDP1806C is the same, 
except that 4.5 clock pulses are provided for memory 
access, Q changes 1/2 cycle earlier during SEQ and REQ 
instructions, and the FLAG LINES are sampled at the end of 
the SO machine cycle. Schmitt Triggers are provided on all 
control inputs, except ME. Th e on ly CDP180 2 feature not 
retained is the LOAD MODE (WAIT = CLEAR = 0), which is 
not allowed on the CDP1805C and CDP1806C. 

The CDP1805C and CDP1806C have an operating voltage 
range of 4 V to 6.5 V, and is supplied in a 40-lead hermetic 
dual-in-line ceramic package (D suffix) and in a 40-lead 
dual-in-line plastic package (E suffix). 



K> 



<C^ 



CDPI85I 

PROGRAMMABLE 

I/O 



BUSO - BUS7 



*$ 



ADDRESS BUS 



MAO - MA7 



C0PI805C 
CDPI806C 
8-BIT CPU 

mWr 

TPA 

mT 

BUSO- BUS7 



II 



CEO 
BUS0-BUS7 



CDPI805 ONLY 



H 



I 

V^ 

I MAO- MA4 



CDPI806C 
ONLY 



L £yi2 ~ 



8- SIT DATA B" 



I I 

J I 

1 92, 



Fig. 1 - Typical CDP1805C, CDP1 8060 small microprocessor system. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 



DC SUPPLY-VOLTAGE RANGE, (Vpo): 
(Voltage referenced to Vss Terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60** C (PACKAGE TYPE E) 600 mW 

For Ta = +60 to +85*'C (PACKAGE TYPE E) Derate Linearly at 12 mW/**C to 200 mW 

For Ta = -55 to +100*'C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125*'C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125''C 

PACKAGE TYPE E -40 to +85*'C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150''C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 nnm) from case for 10 s max +265*'C 



I 



RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 



CHARACTERISTIC 


CONDITION 


LIMITS 


UNITS 


VDD 

(V) 


CDP1805CD, CDP1805CE 
CDP1806CD, CDP1806CE 


MIN. 


MAX. 


DC Operating Voltage Range 


- 


4 


6.5 


V 


Input Voltage Range 


- 


Vss 


Vdd 


Minimum Instruction Time * (fcL = 4 MHz) 


5 


4 


- 


/iS 


Maximum DMA Transfer Rate 


5 


- 


0.5 


MBytes/s 


Maximum Clock Input Frequency, 
Load Capacitance (CL) = 50 pF 


5 


DC 


4 


MHz 


Maximum External Counter/Timer 
Clock Input Frequency to EF1, EF2 tQLX 


5 


DC 


2 



* Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, 
NOP, and "68" family instructions, which are more than two cycles. 



85 



RCA CMOS LSI Products 



CDP1805C, CDP1806C 

STATIC ELECTRICAL CHARACTERISTICS at Ta = 



-40 to +85° C, Vdd = 5 V ± 5%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1805CD, CDP1805CE 
CDP1806CD, CDP1806CE 


MIN. 


TYP.» 


MAX. 


Quiescent Device Current Iqd 




0,5 


5 


— 


50 


200 


//A 


Output Low Drive (Sink) Current Iql 
(Except XTAL) 


0.4 


0,5 


5 


1.6 


4 


- 


mA 


XTAL Output Iql 


0.4 


5 


5 


0.2 


0.4 


— 


Output High Drive (Source) Current loH 
(Except XTAL) 


4.6 


0,5 


5 


-1.6 


-4 


- 


XTAL lOH 


4.6 





5 


-0.1 


-0.2 


— 


Output Voltage Low-Level Vql 


— 


0.5 


5 


_ 





0.1 


V 


Output Voltage High Level Vqh 


— 


0,5 


5 


4.9 


5 


^ 


Input Low Voltage (BUS — BUS 7, ME) V|l 


0.5. 4.5 


— 


5 


_ 


_ 


1.5 


Input High Voltage (BUS - BUS7, Ml") V|h 


0.5. 4.5 


— 


5 


3.5 


_ 


— 


Schnnitt Trigger Input Voltage 
(Except BUS — BUS 7, ME) 
Positive Trigger Threshold Vp 
Negative Trigger Threshold Vn 
Hysteresis Vh 


0.5, 4.5 


— 


5 


2.2 


2.9 


3.6 


0.9 


1.9 


2.8 


0.3 


0.9 


1.6 


Input Leakage Current l|N 


— 


0,5 


5 


— 


±0.1 


±5 


yuA 


3-State Output Leakage Current IquT 


0.5 


0,5 


5 


— 


±0.2 


±5 


Input Capacitance Cjn 


— 


— 


__ 


— 


5 


7.5 


pF 


Output Capacitance CquT 


— 


— 


— 


— 


10 


15 


Total Power Dissipation (f=4 MHz) 
Idle "00" at M(OOOO), CL = 50 pF 


- 


- 


5 


- 


15 


30 


mW 


Minimum Data Retention Voltage Vqr 


Vdd = vdr 


- 


2 


2.4 


V 


Data Retention Current IpR 


Vdd = 2.4 


— 


25 


100 


M 



•Typical values are for Ta = 25° C and nominal VqD- 
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Fig. 2 - Block diagram for CDP1805C and CDP1806C. 
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TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 



r 



INTERNAL RAM READ CYCLE - 



00 10 20 30 40 50 60 70 



- INTERNAL RAM WRITE CYCLE 



00 10 20 30 40 50 60 70 



1 

70 I 



CLOCK HjTjiJijnjxnjTJiJTnjnjiJiJrLrLi:^ 



TPA 


01 II 21 


31 41 51 


61 1 71 


01 II 21 31 41 51 61 

1 1 


71 


TPB 






f 1 1 


r- 


^ 










MEMORY - 
ADD 


1 HIGH BYTE | 


LOW BYTE 


1 


HIGH BYTE | LOW BYTE 


1 








i 1 






MRD 


1 
















MWR 






1 


1 1 




•)(■ TT^ 






^ ME - 
IN 


VALID DATA 


FROM MEMORY - 


1 


\ 
















DATA BUS 


V///////////////, 




'////\ VALID DATA FROM CPU 


V, 



92CS-33884RI 

NOTE: 

ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECTTO THE BEGINNING 
OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA WILL APPEAR ON 
THE DATA BUS DURING THE TIME ME IS ACTIVE. THE TIME SHOWN CAN BE 
LONGER, IF FOR INSTANCE, A DMA OUT OPERATION IS PERFORMED ON 
INTERNAL RAM DATA, TO ALLOW DATA ENOUGH TIME TO BE LATCHED INTO 
AN EXTERNAL DEVICE. THE LIMITATION ON ME PULSE WIDTH IS POSSIBLE BUS 
CONTENTION, WHICH CAN OCCUR NO EARLIER THAN CLOCK PULSE 31 OF THE 
NEXT MACHINE CYCLE. 

* FOR CDPI805C ONLY 

F\g. 3 - Internal memory operation timing waveforms for CDP1805C and 
CDP1806C. 



I 



(—EXTERNAL MEMORY READ CYCLE -4— EXTERNAL MEMORY WRITE CYCLE 



— |-EXTEf 
loo 10 



;1 



c'-°c*< njxn_iijnjiJTJijnjTjn_rLrLr^^ 

01 II 21 31 41 51 61 1 71 01 il 21 31 41 51 61 71 
TPA I I I I 



ADD 
MRD " 



^ ME IN 



^ 



I I HIGH BYTE [ LOW BYTE "^ 



DATA BUS \/^/'//^ P*"^^ LATCHED IN CPU ^ Y^^'^^^ ^^"-"^ °^^^ ^^^^ *^'*" 1^ 

^ FOR CDPI805C ONLY 



fig. 4 - External memory operation timing waveforms for CDP1805C and 
CDP1806C. 



SIGNAL DESCRIPTIONS 



BUS to BUS 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the micro- 
processor, and I/O devices. 

NO to N2 (I/O) Lines: 

Activated by an I/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 



These lines can be used to issue command codes or device 
selection codes to the I/O devices. The N bits are low at all 
times except when an I/O instruction is being executed. 
During this time their state Is the same as the corresponding 
bits in the N register. The direction of data flow is defined In 
the I/O instruct ion b y bit N3 (internally) and is indicated by 
the level of the MRD signal: 

MRD = Vdd: Data from I/O to CPU and Memory 

MRD = Vss: Data from Memory to I/O 
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SIGNAL DESCRIPTIONS (Cont'd) 



EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
Information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are s ampl ed a t the end of 
every SO cycle. One additional use for EF1 and EF2 Is event 
counting and pulse width measurement in conjunction with 
the Timer/Counter. 



INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CDP1 805C and CDP1806C 
during TPB. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to (inhibit); and 
instruction execution is resumed. The Interrupt action 
requires one machine cycle (S3). 

DMA Action: Finish executing current Instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 



State Type 


State Code Lines 


SCI 


SCO 


SO (Fetch) 


L 


L 


S1 (Execute) 


L 


H 


S2 (DMA) 


H 


L 


S3 (Interrupt) 


H 


H 



H = Vdd, L = Vss. 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the 16-bit memory address. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 1 6-bit address appears on the address 
lines after the termination of TPA. 



MRD (Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 

0: 

Single bit output from the CPU which can be set or reset, 
between the trailing edge of TPA and the leading edge of 
TPB, under program control. The Enable Toggle Q 
command connects the Q-line flip-flop to the output of the 
counter, such that each time the counter decrements from 
01 to its next value, the Q line changes state. This command 
is cleared by a LOAD COUNTER (LDC) instruction, a CPU 
reset, or a BRANCH COUNTER INTERRUPT (BCI) 
instruction with the counter interrupt flip-flop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequency is 4 MHz at Vpo = 5 V. The clock 
is counted down internally to 8 clock pulses per machine 
cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 





WAIT 


MODE 


CLEAR 


L 


L 


NOT ALLOWED 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN 



MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 



ME (Memory Enable CDP1805C Only): 

This active low signal line is used to select or deselect the 
internal RAM. It must be active at the beginning of clock 70 
foran internal RAM access to take place. Internal RAM data 
will appear on the data bus during the time that ME is active 
(after clock 31). Thus, if this data is to be latched into an 
external dev ice ( i.e.; during an OUTPUT instruction or DMA 
OUT cycle). ME should be wide enough to provide enough 
time for valid data to be latched. 

The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64 byte block of memory. 

Vdd (CDP1806C Only): 

This Input replaces the ME signal of the CDP1805C and 
must be connected to the positive power supply. 

^DD* Vss» (Power Levels): 

Vss 'S ^^^ most negative supply voltage terminal and is 
normally connected to ground. Vqd is the positive supply 
voltage terminal. All outputs swing from Vss to Vpo- The 
recommended input voltage swing is from Vss ^o Vqd- 
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ARCHITECTURE 



Fig. 1 shows a block diagram of the CDP1806C and 
CDP1806C. The principal feature of this system Is a register 
array (R) consisting of sixteen 16-blt scratchpad registers. 
Individual registers in the array (R) are designated (selected) 
by a 4-blt binary code from one of the 4-blt registers labeled 
N, P, and X. The contents of any register can be directed to 
any one of the following three paths: 

1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to 
D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-blt register. 

The three paths, depending on the nature of the instruction, 
may operate Independently or In various combinations in 
the same machine cycle. 

Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically 
incremented by one so that R(P) is now "pointing" to the 
next byte in the memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU of I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers In R to be acted 
upon during register operations 

2. indicate to the I/O devices a command code or 
device-selection code for peripherals 

3. indicate the specific operation to beexecuted during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific 
operation required in a class of miscellaneous 
instructions 

4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 

5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer in 
three different ways as program counters, as data pointers, 
or as scratchpad locations (data registers) to hold two 
bytes of data. 

Program Counters 

Any register can be the main prog ram counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 



Data Pofntart 

The registers in R may be used as data pointers to indicate a 
location I n memory. The register designated by X (i.e. R(X)) 
points to memory for the following instructions (see Table 

1. ALU operations 

2. output instructions 

3. input instructions 

4. register — -* memory transfer 

6. Interrupt and subroutine handling. 

The register designated by N (I.e. R(N)) points to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store D" instruction 5N. The register designated by P 
(i.e.; the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 70, 7F. and the RLDI 
instruction 68CN. During these instruction executions, the 
operation is referred to as "data immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request Is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-ln) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) Is incremented by 
one so that the processor Is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1805C and 
CDP1 806C architecture saves a substantial amount of logic 
when fast exchanges of blocks of data are required, such as 
with magnetic discs or during CFJT-dlsplay-refresh cycles. 

Data Registers 

When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data Immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 



I 



Register Summary 



D 


8 Bits 


Data Register (Accumulator) 


DF 


1 Bit 


Data Flag (ALU Carry) 


B 


8 Bits 


Auxiliary Holding Register 


R 


16 Bits 


1 of 16 Scratchpad Registers 


P 


4 Bits 


Designates which register is 
Program Counter 


X 


4 Bits 


Designates which register is 
Data Pointer 


N 


4 Bits 


Holds Low-Order Instr. Digit 


1 


4 Bits 


Holds HlQh-Order Instr. Digit 


T 


8 Bits 


Holds old X, P after Interrupt 
(X is high nibble) 


MIE 


1 Bit 


Master Interrupt Enable 


Q 


1 Bit 


Output Flip Flop 


OH 


8 Bits 


Holds Counter Jam Value 
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ARCHITECTURE (Cont'd) 



On-Chip Clock (See Fig. 7 and 8) 

Clock circuits may use either an external crystal or an 
RC network. 

The crystal is co nnected between terminals 1 and 39 
(CLOCK and XTAL) in paraileNjvith a resistance (1 megohm 

typ.). 

, Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information on crystal oscillators, 
see ICAN-6565. Because of the Schmitt Trigger input, an 
RC oscillator can be used as shown in Fig. 7. The frequency 
is approximately 1/RC (See Fig. 8). 



R 
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clockh) j- 



=k I 
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Fig. 7 - RC network for oscillator. 
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Fig. 8 - Nominal component values as a function of frequency 
for the RC oscillator. 



CONTROL MODES 







MODE 


CLEAR 


WAIT 


L 


L 


NOT ALLOWED 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN 



The function of the modes are defined as follows: 

RESET 

Registers I, N, Q, counter prescaler, and counter interrupt 
latch are reset. MIE, XIE, and CIE are set and O's (Vss) ^re 
placed on the data bus. TPA and TPB are suppressed while 
reset is held and the CPU is placed in S1 . The state of the 
counter/timer is unaffected by the RESET operation. 

The first machine cycle after termination of reset is an 
initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains in S1, X, P,T, and then registers 



X, P, and R(0) are reset. Interrupt and DMA servicing 
suppressed during the initialization cycle. The next cycle is 
an SO or an S2 but never an S1 or S3. The use of a 71 
instruction followed by 00 at memory locations 0000 and 
0001 , may be used to reset MIE, so as to preclude interrupts 
until ready for them. Power-up reset r un can be realized by 
connecting an RC network to CLEAR (See Fig. 9) , 



^ 



The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 



92CS-34772R1 



Fig. 9 - Reset diagram. 

PAUSE 

Stops the internal CPU timing generator, freezing the state 
of the processor. Pause can occur at two points in a 
machine cycle, on the low-to-high transition of either TPA 
or TPB. 

The oscillator continues to run but subsequent clock 
transitions are ignored. TPA and TPB remain at their 
previous state (See Fig. 10). 

If Pause is entered while in the event counter mode, the 
appropriate Flag transitions will continue to decrement the 
counter. 

TPA PAUSE TIMING enter resume 

PAUSE RUN 

L. ^ 

CLOCK Xto/ti \oo/oi\_/^„5}yjo/ II \2o/2l\3o/ 



'-AlF~ 



-J 



\± 



Yiv^xf p 



TPB PAUSE TIMING enter resume 

PAUSE RUN 




"~\| 'SU I *H f 
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NOTE, 

PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE CLOCK 

CYCLE IN DURATION, COULD BE INFINITELY LONG. 

Fig. 10 - Pause mode timing waveforms. 
RUN 
May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it wil! resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (See Fig. 
9). When initiated from the Reset operation, the first 
machine cycle following Reset is always the initialization 
cycle. The initialization cycle is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS 0— BUS7and ME contain a Schmitt 
Trigger circuit, which is especially usefull on the CLEAR 
input as a power-up RESET (See Fig. 10) and the CLOCK 
input (See Fig. 7). 
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STATE TRANSITrONS 



The CDP1805C and CDP1806C state transitions are shown 
in Fig. 11 . Each machine cycle requires the same period of 



time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. 



IOLE*OMA*INT 



FORCE SI 

(LONG BRANCH. 

LONG SKIP. NOP. RSXD, ETC) 




INT. DMA .FORCE 81 



I 



PRIORITY: FORCE SO, SI INT-oSlA 

DMA IN 
DMA OUT 

INT 



9205-34778 



Fig. 11 ~ State transition diagram. 



Additional Timing Waveform Notes (See Fig. 12) 



The CDP1805C and CDP1806C timing specification for 
latching external data into the CPU requires some additional 
clarification. 

As specified data is latched at the beginning of clock pulse 
70, with a data setup time required before that edge. While 
this is generally true, there may be some extremely slow 
applications where data will be required at an earlier time. 

As shown in Fig. 12, valid data must be present during the 
time that clock 61 • INTERNAL STROBE is valid. 

INTERNAL STROBE provides a worst-case fixed width of 
50fjs at 5 volts over the full temperature range, rather than a 



width dependent on crystal-clock frequency. This width 
overlaps Clock 61 for frequencies above 10 kHz (50/iS i%1/2 
clock pulse at 10 kHz), and data is latched on the higtvto- 
low transition cf clock 61 . If the clock frequency used Is less 
than 10 kHz, the high-to-low transition of INTERNAL 
STROBE becomes the Latch control and data must be 
present during the time that INTERNAL STROBE is valid. 

If the CDP1805C and CDP1806C are used in the pause 
mode, clock timing will stop at the leading edge of TPB (or 
TPA). Any data which changes after this time must be valid 
within 50fjs of the beginning of clock 61 for proper latching 
into the CPU. 



1 



fi 



INTERNAL STROBE 



*.* 50 M»- 



^ 



VALID DATA 



[latched 

IN CPU 
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Fig. 12 - Control-timing waveforms for CDP1805C and CDP1806C. 
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INSTRUCTION SET 



The CDP1805C and CDP1806C instruction summary is 
given in Table I. Hexadecimal notation is used to refer to the 
4-bit binary codes. 

In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W=NorX. or P 

TABLE I ~ INSTRUCTION SUMMARY (For Notes, see also page 15) 



R(W) 0: Lower-order byte of R(W) 
R(W) 1: Higher-order byte of R(W) 
Operation Notation 

M (R(N))-D; R(N) + 1-*R(N) 

This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


MEMORY REFERENCE 


LOAD IMMEDIATE 


2 


LDI 


F8 


M(R(P))-D: R(P)+1--R(P) 


REGISTER LOAD IMMEDIATE 


6 


RLDI 


68CN" 


M(R{P))-R(N).1; M(R{P) + 1- 
R(N).0; R(P)+2--R(P) 


LOAD VIA N 


2 


LDN 


ON 


M(R(N)-D; FOR N NOT 


LOAD ADVANCE 


2 


LDA 


4N 


M(R{N)-D; R(N) + 1-*R(N) 


LOAD VIA X 


2 


LDX 


FO 


M(R(X)-D 


LOAD VIA X AND ADVANCE 


2 


LDXA 


72 


M(R(X))-D; R(X)+1-R{X) 


REGISTER LOAD VIA X AND 


5 


RLXA 


686N" 


M(R(X))-R(N).1: M(R{X)+1)-* 


ADVANCE 








R(N).0; R(X))+2-R(X) 


STORE VIA N 


2 


STR 


5N 


D-M(RN) 


STORE VIA X AND DECREMENT 


2 


STXD 


73 


D-M(R(X)); R(X)-1-R(X) 


REGISTER STORE VIA X AND 


5 


RSXD 


68ANh 


R(N).0-M(R(X)); R(N).1- 


DECREMENT 








M(R(X)-1); R{X)-2-R{X) 


REGISTER OPERATIONS 1 


INCREMENT REG N 


2 


INC 


1N 


R(N)+1-*R(N) 


DECREMENT REG N 


2 


DEC 


2N 


R(N)-1-R(N) 


INCREMENT REG X 


2 


IRX 


60 


R(X)+1-R(X) 


GET LOW REG N 


2 


GLO 


8N 


R(N).0-D 


PUT LOW REG N 


2 


PLC 


AN 


D-R(N).0 


GET HK5H REG N 


2 


GHI 


9N 


R(N).1-D 


PUT HIGH REG N 


2 


PHI 


BN 


D-*R(N).1 


REGISTER N TO REGISTER X COPY 


4 


RNX 


68BN" 


R(N)--R(X) 


LOGIC OPERATIONSt 1 


OR 


2 


OR 


F1 


M(R(X)) OR D-D 


OR IMMEDIATE 


2 


ORI 


F9 


M(R(P)) OR D-D; 
R(P)+1-R(P) 


EXCLUSIVE OR 


2 


XOR 


F3 


M(R(X)) XOR D-D 


EXCLUSIVE OR IMMEDIATE 


2 


XRI 


FB 


M(R(P)) XOR D-D; 
R(P)+1-R(P) 


AND 


2 


AND 


F2 


M(R(X)) AND D-D 


AND IMMEDIATE 


2 


ANI 


FA 


M(R{P)) AND D-D; 
R(P)+1-R(P) 


SHIFT RIGHT 


2 


SHR 


F6 


SHIFT D RIGHT, LSB(D)-DF, 
O-MSB(D) 


SHIFT RIGHT WITH CARRY 


2 


SHRC 


76A 


SHIFT D RIGHT. LSB(D)-DF, 
DF-MSB(D) 


RING SHIFT RIGHT 


2 


RSHR 






SHIFT LEFT 


2 


SHL 


FE 


SHIFT D LEFT, MSB(D)-DF. 
O-LSB(D) 


SHIFT LEFT WITH CARRY 


2 


SHLC 


7EA 


SHIFT D LEFT, MSB(D)-DF, 
DF-LSB(D) 


RING SHIFT LEFT 


2 


RSHL •' 







■Previous contents of T register are destroyed during Instruction Execution. 

tSee page 12. 

AThis instruction is associated with more than one mnemonic. Each mnemonic is Individually listed. 
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1800-Serie8 Microprocessors and Microcomputers 



CDP1805C, CDP1806C 



TABLE I - INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


ARITHMETIC OPERATIONSt 


1 


ADD 


2 


ADD 


F4 


M(R(X))+D-DF, D 


ADD IMMEDIATE 


2 


ADI 


FC 


M(R(P))+D-DF, D; R(P)+1-R(P) 


ADD WITH CARRY 


2 


ADC 


74 


M(R(X))+D+DF-DF. D 


ADD WITH CARRY. IMMEDIATE 


2 


ADCI 


7C 


M(R(P))+D+DF-DF. D 
R(P)-^1--R(P) 


SUBTRACT D 


2 


SD 


F5 


M(R(X))-D-*DF, D 


SUBTRACT D IMMEDIATE 


rs 
C 


SDI 


FD 


M(R(P))-D-DF, D: 
R(P)+1-R(P) 


SUBTRACT D WITH BORROW 


2 


SDB 


75 


M(R(X)-D-(NOT DF)-*DF, D 


SUBTRACT D WITH 


2 


SDBI 


7D 


M(R(P)-D-(NOT DF)-*DF. D; 


BORROW. IMMEDIATE 








R(P)+1-R(P) 


SUBTRACT MEMORY 


2 


SM 


F7 


D-M(R(X))-DF. D 


SUBTRACT MEMORY IMMEDIATE^ 


2 


SMI 


FF 


D-M(R(P))-DF, D: 
R(P)+1-R(P) 


SUBTRACT MEMORY WITH BORROW 


2 


SMB 


77 


D-M(R(X))-(NOT DF)-DF, D 


SUBTRACT MEMORY WITH 


2 


SMBI 


7F 


D-M(R(P))-(NOT DF)-DF, D 


BORROW. IMMEDIATE 








R(P)+1-R(P) 


BRANCH INSTRUCTIONS - SHORT BRANCH | 


SHORT BRANCH 


2 


BR 


30 


M(R(P))-R(P).0 


NO SHORT BRANCH (SEE SKP) 


2 


NBR 


38A 


R(P)+1-R(P) 


SHORT BRANCH IF D = 


2 


BZ 


32 


IF D = 0. M(R(P))-R(P).0 
ELSE R(P)+1-R(P) 


SHORT BRANCH IF D NOT 


2 


BNZ 


3A 


IF D NOT 0, M(R(P))-R(P).0 
ELSE R(P)+1-R(P) 


SHORT BRANCH IF DF = 1 


2 


BDF ) 


3dA 


IF DF = 1. M(R(P))-R(P).0 


SHORT BRANCH IF POS OR ZERO 


2 


BPZ 




ELSE R(P)+1-R(P) 


SHORT BRANCH IF EQUAL OR 


2 


BGE > 






GREATER 










SHORT BRANCH IF DF = 


2 


BNF J 


3BA 


IF D = 0, M(R(P))-R(P).0 


SHOflT BRANCH IF MINUS 


2 


BM { 




ELSE R(P)+1-*R(P) 


SHORT BRANCH IF LESS 


2 


BL ) 






SHORT BRANCH IF Q = 1 


2 


BQ 


31 


IF = 1, M(R(P))-R(P).0 
ELSE R(P)+1-^B(P) 


SHORT BRANCH IF = 


2 


BNQ 


39 


IF Q = 0, M(R(P))-R(P).0 
ELSE R(P)+1-R(P) 


SHORT BRANCH IF EF1 = 1 


2 


B1 


34 


IF EF1 = 1, M(R(P))-R(P).0 


(EF1 = Vss) 








ELSE R(P)+t-R(P) 


SHORT BRANCH IF EF1 = 


2 


BN1 


3C 


IF EF1 = 0. M(R(P))-*R(P).0 


(EF1 = Vdd) 








ELSE R(P)-H1-*R(P) 


SHORT BRANCH IF EF2 = 1 


2 


B2 


35 


IF EF2 = 1, M(R(P))-R(P).0 


(EF2 = Vss) 








ELSE R(P)+1-R(P) 



tThe Arithmetic operations and the shift 
instructions are the only instructions 
that can alter the DF after an 
ADD instruction: 

DF = 1 denotes a carry has occurred 
DF = denotes a carry has not occurred 
After a SUBTRACT instruction: 

DF = 1 denotes no borrow. D is a true 
postive number 



DF = denotes a borrow, D is two's complement 
the syntax" —(NOT OF)" denotes the 
subtraction of the borrow 

AThis i.nstruction is associated with more than 
one mnemonic. Each mnemonic is 
individually listed. 
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RCA CMOS LSI Products 



CDP1805C, CDP1806C 

TABLE I - INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


BRANCH INSTRUCTIONS ~ SHORT BRANCH (Cont'd) 


SHORT BRANCH IF EF2 = 


2 


BN2 


3D 


IF EF2 = 0, M(R(P))-R(P).0 


(EF2 = Vdd) 








ELSE R(P)+1-R(P) 


SHORT BRANCH IF EF3 = 1 


2 


B3 


36 


IF EF3 = 1. M(R(P))-*R(P).0 


EF3 = Vss) 








ELSE R(P)+1-*R(P) 


SHORT BRANCH IF EF3 = 


2 


BN3 


3E 


IF EF3 = 0. M(R(P))-*R(P).0 


EF3 = VdD) 








ELSE R(P)-»-1--R(P) 


SHORT BRANCH IF EF4 = 1 


2 


B4 


37 


IF EF4 =1, M(R(P))-R(P).0 


EF4 = Vss) 








ELSE R(P)+1-R(P) 


SHORT BRANCH IF EF4 = 


2 


BN4 


3F 


IFEF4 = 0, M(R(P))-R(P).0 


(EF4 = Vdd) 








ELSE R(P)+1-R(P) 


SHORT BRANCH ON 


3 


BCI 


683E» 


IF CI =1, M(R(P))-R(P).0; 0-CI 


COUNTER INTERRUPT 








ELSE R(P)+1-R(P) 


SHORT BRANCH ON 


3 


BXI 


683F 


IF XI = 1, M(R(P))-R(P).0 


EXTERNAL INTERRUPT 








ELSE R(P)+1-*R(P) 


BRANCH INSTRUCTIONS - LONG BRANCH I 


LONG BRANCH 


3 


LBR 


CO 


M(R(P))-*R(P).1 M(R(P)+1)-*R(P).0 


NO LONG BRANCH (SEE LSKP) 


3 


NLBR 


C8A 


R(P)+2-R(P) 


LONG BRANCH IF D = 


3 


LBZ 


C2 


IF D = 0, M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF D NOT 


3 


LBNZ 


CA 


IF D NOT 0, M(R(P))-R(P).1 
M(R(P)+1)-*R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF = 1 


3 


LBDF 


C3 


IF DF = 1, M(R(P))-*R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF = 


3 


LBNF 


CB 


IF DF = 0, M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF Q = 1 


3 


LBQ 


C1 


IF Q = 1, M(R(P))-R(P).1 
M(R(P)+1)-*R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF Q = 


3 


LBNO 


C9 


IF Q = 0, M(R(P))-R(P).1 
M(R(P)+1)-*R(P).0 
ELSE R(P)+2-R(P) 


SKIP INSTRUCTIONS | 


SHORT SKIP (SEE NBR) 


2 


SKP 


38A 


R(P)+1-R(P) 


LONG SKIP (SEE NLBR) 


3 


LSKP 


C8A 


R(P)+2-R(P) 


LONG SKIP IF D = 


3 


LSZ 


CE 


IF D = 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 


3 


LSNZ 


C6 


IF D NOT 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF = 1 


3 


LSDF 


CF 


IF DF = 1, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF = 


3 


LSNF 


C7 


IF DF = 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF Q = 1 


3 


LSQ 


CD 


IF Q = 1, R(P)+2-*R(P) 
ELSE CONTINUE 


LONG SKIP IF Q = 


3 


LSNQ 


C5 


IF Q = 0, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF IE = 1 


3 


LSIE 


CC 


IF IE = 1, R(P)+2-R(P) 
ELSE CONTINUE 



AThis instruction is associated with more than one mnemonic, each mnemonic is individually listed. 

CI = counter interrupt 

XI = external interrupt 

•ETQ cleared by LDC, reset of CPU. or BCI • (CI = 1) 
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1800-Serie8 Microprocessors and Microcomputers 



CDP1805C, CDP1806C 



TABLE 1 — INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


CONTROL INSTRUCTIONS I 


IDLE 


2 


IDL 


00# 


WAIT FOR DMA OR INTERRUPT; 
M(R(0))-BUS 


NO OPERATION 


3 


NOP 


C4 


CONTINUE 


SET P 


2 


SEP 


DN 


N-P 


SET X 


2 


SEX 


EN 


N-X 


SET Q 


2 


SEQ 


78 


1-0 


RESET Q 


2 


REQ 


7A 


0-Q 


PUSH X, P TO STACK 


2 


MARK 


79 


(X. P)-T; (X, P)-M(R(2)) 
THEN P-X; R(2)-1-R(2) 


COUNTER INSTRUCTIONS 1 


LOAD COUNTER 


3 


LDC 


6806* 


D--COUNTER; 0-CI;STOP COUNTER 


GET COUNTER 


3 


GEC 


6808 


COUNTER-D 


STOP COUNTER 


3 


STPC 


6800 


STOP COUNTER CLOCK; 
0-^32 PRESCALER 


DECREMENT COUNTER 


3 


DTC 


6801 


COUNTER-1-COUNTER 


SET TIMER MODE AND START 


3 


STM 


6807 


TPA^32-*COUNTER CLOCK 


SET COUNTER MODE 1 AND START 


3 


SCM1 


6805 


EF1-COUNTER CLOCK 


SET COUNTER MODE 2 AND START 


3 


SCM2 


6803 


EF2-COUNTER CLOCK 


SET PULSE WIDTH MODE 1 


3 


SPM1 


6804 


TPA.EF1-C0UNTER CLOCK; 


AND START 








EF1 / STOPS COUNT 


SET PULSE WIDTH MODE 2 


3 


SPM2 


6802 


TPA.EF2-*C0UNTER CLOCK; 


AND START 








EF2 / STOPS COUNT 


ENABLE TOGGLE Q 


3 


ETQ 


6809* 


IF COUNTER = 01 •NEXT COUNTER 
CLOCK y : Q-Q 


INTERRUPT CONTROL 1 


EXTERNAL INTERRUPT ENABLE 


3 


XIE 


680A 


1-XIE 


EXTERNAL INTERRUPT DISABLE 


3 


XID 


680B 


0-xrE 


COUNTER INTERRUPT ENABLE 


3 


CIE 


680C 


1-CIE 


COUNTER INTERRUPT DISABLE 


3 


CID 


680D 


0-CIE 


RETURN 


2 


RET 


70 


M(R{X))-X.P;R(X)+1-*R(X);1-*MIE 


DISABLE 


2 


DIS 


71 


M(R(X)-X,P;R(X)+1-R(X);0-MIE 


SAVE 


2 


SAV 


78 


T--M(R(X)) 


INPUT'OUTPUT BYTE TRANSFER I 


OUTPUT 1 


2 


OUT1 


61 


M(R(X))-BUS;R{X)+1--R(X);N LINES=1 


OUTPUT 2 


2 


OUT 2 


62 


M(R(X))-BUS;R(X)+1-*R(X);N LINES=2 


OUTPUT 3 


2 


OUT 3 


63 


M(R(X))-*BUS;R(X)+1-R(X);N LINES=3 


OUTPUT 4 


2 


OUT 4 


64 


M(R(X))-BUS;R(X)+1-R(X);N LINES=4 


OUTPUT 5 


2 


OUTS 


65 


M(R(X))-BUS;R(X)+1-R(X);N LINES=5 


OUTPUT 6 


2 


OUT 6 


66 


M(R(X))-BUS;R(X)+1-R(X);N LINES=6 


OUTPUT 7 


2 


OUT 7 


67 


M(R(X))-BUS;R(X)+1-R(X);N LINES=7 


INPUT 1 


2 


INP1 


69 


BUS-M(R(X));BUS-*D;N LINES=1 


INPUT 2 


2 


INP2 


6A 


BUS-*M(R(X));BUS-D;N LINES=2 


INPUT 3 


2 


INP3 


6B 


BUS-M(R(X));BUS-*D;N LINES=3 


INPUT 4 


2 


INP4 


6C 


BUS-*M(R(X));BUS-D;N LINES=4 


INPUT 5 


2 


INP5 


6D 


BUS-M(R(X));BUS-*D;N LINES=5 


INPUT 6 


2 


INP6 


6E 


BUS-M(R(X));BUS-D;N LINES=6 


INPUT 7 


2 


INP7 


6F 


BUS-M(R(X));BUS-D;N LINES=7 



I 



#An IDLE instruction initiates a repeating Si cycle. The processor will continue to idle until an I/O request (INTERRUPT, 
DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle Is terminated and the I/O request is 
serviced, and then normal operation Is resumed. 

• ETQ cleared by LDC, reset of CPU, or BCI^(CI = 1). 
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RCA CMOS LSI Products 



CDP1805C, CDP1806C 



TABLE I — INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


CALL AND RETURN 


STANDARD CALL 


10 


SCAL 


688N" 


R(N).0-M(R(X); 
R(N).1-M(R(X)-1); 
R(X)-2-R(X); R(P)- 
R(N); THEN M(R(N))- 
R(P).1; M(R(N)+1)-R(P).0; 
R(N)+2-R(N) 


STANDARD RETURN 


8 


SRET 


689N" 


R(N)-*R(P); M(R(X)+1) 
-*R(N).1; M(R(X)+2)- 
R(N).0; R(X)+2-R(X) 



■Previous contents of T register are destroyed during Instruction Execution. 



Notes for TABLE I 

1. Long-Branch, Long-Skip and No Op instructions require three cycles to complete (1 fetch +2 execute). 
Lon^-Branch instructions are three bytes long. The first byte specifies the condition to be tested; and the seond and 
third byte, the branching address. 

The long-branch instructions can: 

a) Branch unconditionally d) Test for Q=0 or Q=1 

b) Test for D=0 or Dt^O e) Effect an unconditional no branch 

c) Testfor DF=Oor DF=1 

If the tested condition is met, then branching takes place; the branching address bytes are loaded in the high-and 
low-order bytes of the current program counter, respectively. This operation effects a branch to any memory location. 
If the tested condition is not met, the branching address bytes are skipped over, and the-next instruction in sequence is 
fetchfed and executed. This operation is taken for the case of unconditional no branch (NLBR). 

2. The short-branch instructions are two or three bytes long. The first byte specifies the condition to be tested, and the 
second specifies the branching address, except for the branches on Interrupt. For those, the first two bytes specify the 
condition to be tested and the third byte specifies the branching address. 

The short branch instruction can: 

a) Branch unconditionally e) Test tne status (1 or 0) of the four EF flags 

b) Test for D=0 or D#0 f) Effect an unconditional no branch 

c) TestforDF=0orDF=1 g) Test for interrupts 

d) TestforQ=0orQ=1 

If the tested condition is met, then branching takes place; the branching address byte is loaded into the low-order byte 
position of the current program counter. This effects a branch within the current 256-byte page of the memory, i.e., the 
page which holds the branching address. If the tested condition is not met, the branching address byte is skipped over, 
and the next instruction in sequence is fetched and executed. This same action is taken in the case of unconditional no 
branch (NBR). 

3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch -»■ 1 execute). Its action is to skip over the 

byte following it. Then the next instruction in sequence is fetched and executed. This SKP instruction is identical to 

the unconditional no-branch instruction (NBR) except that the skipped-over byte is not considered part of the 

program. 

The Long-Skip Instructions take three cycles to complete (1 fetch + 2 execute). 

They can: 

a) Skip unconditionally d) Test for Q=0 or Q=1 

b) Test for D=0 or Dt^O e) Test for IE=1 

c) Test for DF=Oor DF=1 

If the tested condition is met, then Long Skip takes place; the current program counter is incremented twice. Thus two 
bytes are skipped over and the next instruction in sequence is fetched and executed. If the tested condition Is not met, 
then no action is taken. Execution is continued by fetching the next instruction in sequence. 

4. Instructions 6800 through 680D, 683E, and 683F take 3 machine cycles; 68BN takes 4 machine cycles; 686N, 68AN, 
and 68CN take 5 machine cycles; 688N takes 10 machine cycles; and 689N takes 8 machine cycles. In all cases, the first 
two cycles are fetches and subsequent cycles are executes. The first byte (68) of these two byte op codes is used to 
generate the second fetch, the second byte is then interpreted differently than the same code without the 68 prefix. 
DMA and INT requests are not serviced until the end of the last execute cycle; For the instructions noted in TABLE I 
with ■, previous contents of T register are destroyed during INSTRUCTION EXECUTION. 
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CDP1805C, CDP1806C 




PLH«»PHL 



92CL-34T79 



NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL REtATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 
WAVEFORMS. 

3. SHADED AREAS INDICATED "DON'T CARE" OR UNDEFINED STATE; 
MULTIPLE TRANSISTONS MAY OCCUR DURING THIS PERIOD. 

* FOR THE CDP1805C ONLY. 



Fig. 13 - Objective (;iynamic timing waveforms forCDPIBOSC and CDP1806C. 
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RCA CMOS LSI Products 



CDP1805C, CDP1806C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Cl = 50 pF, Vdd = 5 V ± 5%. 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1805C and CDP1806C 


Typ.» 


Max. 


Propagation Delay Times: 
Clock to TPA, TPB 


tPLH. tpHL 


150 


275 


ns 


Clock-to-Memory High-Address Byte 


tPLH. tPHL 


200 


325 


Clock-to-Memory Low-Address Byte 


tPLH. tpHL 


150 


250 


Clock to MRD 


tpiH, tpHL 


200 


325 


Clock to MWR 


tPLH.tPHL 


150 


275 


Clock to (CPU DATA to BUS) 


tPLH. tPHL 


275 


475 


Clock to State Code 


tPLH. tPHL 


225 


400 


Clock to Q 


tPLH. tPHL 


200 


350 


Clock to N 


tPLH. tPHL 


250 


425 


Clock to Internal RAM Data to BUS 


tPLH. tPHL 


420 


650 


Mininnum Set Up and Hold Times:" 
Data Bus Input Set Up 


tsu 


-100 





ns 


Data Bus Input Hold 


tH 


125 


225 


DMA Set Up 


tsu 


-75 





DMA Hold 


tH 


125 


200 


ME Set Up 


tsu 


-25 





ME Hold 


tH 


90 


150 


Interrupt Set Up 


tsu 


-100 





Interrupt Hold 


tH 


125 


200 


WAIT Set Up 


tsu 


20 


50 


EF1-4 Set Up 


tsu 


-125 





EF1-4 Hold 


tH 


125 


226 


Minimum Pulse Width Times:" 


twL 


75 


225 


ns 


CLEAR Pulse Width 


CLOCK Pulse Width 


tWL 


75 


125 



•Typical values are for Ta = 25° C and nominal Vdd- 

"Maximum limits of minimum characteristics are the values above which all devices function. 



TIMING SPECIFICATIONS as a function of T (T = 1/fcLocK) at Ta = -40 to +85° C, Vdd = 5 V ± 5%. 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1805C an 


d CDP1806C 


Min. 


TVD.* 


High-Order Memory-Address Byte 
Set Up to TPA X Time Tsu 


2T-150 


2T-75 


ns 


High-Order Memory-Address Byte 
Hold after TPA Time tH 


T/2-50 


T/2-15 


Low-Order Memory-Address Byte 
Hold after WR Time tH 


T+0 


T+100 


CPU Data to Bus Hold 
after WR Time tn 


T-200 


T-100 


Required Memory Access Time 
Address to Data tACC 


4.5T-250 


4.5T-100 



•Typical values are for Ta = 25° C and nominal Vdd- 
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1800-Series Microprocessors and Microcomputers 



CDP1805C, CDP1806C 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 



STATE 


, 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 




N 
LINES 


MWR 


S1 


RESET 


0-*Q.I.N; 1-CIE. XIE 


00 


xxxx 


1 


1 





INITIALIZE 

NOT PROGRAMMER 

ACCESSIBLE 


X, P-*T THEN 
0-*X. P; 1-MIE,0000-R0 


OOA 


xxxx 


1 


1 





SO 




FETCH 


MRP-1,N;RP+1-*RP 


MRP 


RP 










SI 








IDL 


MRO-BUS 
WAIT FOR DMA OR INT 


MRO 


RO 













1-F 


LDN 


MRN^D 


. MRN 


RN 










1 


0-F 


INC 


RN+1-RN 


FLOAT 


RN 


1 







2 


0-F 


DEC 


RN-1-RN 


FLOAT 


RN 


1 







3 


0-F 


SHORT 
BRANCH 


TAKEN: MRP-RP.O 
NOT TAKEN: RP+1-RP 


MRP 


RP 










4 


0-F 


LDA 


MRN-D:RN+1-RN 


MRN 


RN 










5 


0-F 


STR 


D-*MRN 


D 


RN 


1 







6 





IRX 


RX+1-RX 


MRX 


RX 










6 


1 
2 
3 
4 
5 
6 
7 


0UT1 
OUT 2 
OUT 3 
OUT 4 
OUTS 
OUT 6 
OUT 7 


MRX-*BUS;RX-H-RX 


MRX 


RX 





1 


1 

2 
3 
4 
5 
6 
7 


9 
A 
B 
C 
D 
E 
F 


INP1 
INP2 
INP3 
INP4 
INP5 
INP6 
INP7 


BUS-MRX, D 


DATA 
FROM 

I/O 
DEVICE 


RX 


1 





1 
2 
3 
4 
5 
6 
7 


7 





RET 


MRX-*(X.P); RX+1-RX 
1-MIE 


MRX 


RX 





1 





1 


DIS 


MRX-(X,P): RX+1-RX 
1-MIE 


MRX 


RX 





1 





2 


LDXA 


MRX-*D:RX+1--RX 


MRX 


RX 





1 





3 


STXD 


D-MRX;RX-1-RX 


D 


RX 


1 








4 


ADC 


MRX+D+DF-*DF. D 


MRX 


RX 





1 





5 


SDB 


MRX-D-DFN-DF, D 


MRX 


RX 





1 





6 


SHRC 


LSB(D)^DF: DF-MSB(D) 


FLOAT 


RX 


1 


1 





7 


SMB 


D-MRX-DFN-*DF. D 


MRX 


RX 





1 





8 


SAV 


T-MRX 


T 


RX 


1 








9 


MARK 


(X.P)-*T, MR2; P-*X 
R2-1-R2 


T 


R2 


1 








A 


REQ 


0-Q 


FLOAT 


RP 


1 


1 





B 


SEQ 


1-Q 


FLOAT 


RP 


1 


1 





C 


ADC1 


MRP+D+DF-DF. D; RP+1 


MRP 


RP 





1 





D 


SDB1 


MRP-D-DFN-DF, D; RP+1 


MRP 


RP 





1 





E 


SHLC 


MSB(D)-DF: DF-LSB(D) 


FLOAT 


RP 


1 


1 





F 


SMB1 


D-MRP-DFN-DF. D: RP+1 


MRP 


RP 





1 





8 


0-F 


GLO 


RN.O-D 


RN.O 


RN 


1 


1 





9 


0-F 


GHI 


RN.1-D 


RN.1 


RN 


1 


1 





A 


0-F 


PLO 


D-RN.O 


. D 


RN 


1 


1 





B 


0-F 


PHI 


D--RN.1 


D 


RN 


1 


1 






' Data Bus Floats for first 2-1/2 clocks of the 9 clock Initialization cycle; all zeros for remainder of cycle. 
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RCA CMOS LSI Products 



CDP1805C, CDP1806C 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 



STATE 


J 1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


S1#1 


C 


0-3 
8-B 


LONG 
BRANCH 


TAKEN: MRP-B; RP+1-RP 


MRP 


RP 





1 





#2 


TAKEN:B-*RP.1 :MRP-RP.O 


M(RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN RP+1-RP 


MRP 


RP 





1 





#2 


NOT TAKEN: RP+1-RP 


M(RP+1) 


RP+1 





1 





S1#1 


6 
6 
7 

D 
E 
F 


LONG 
SKIP 


TAKEN: RP+1-RP 


MRP 


RP 





1 





; #2 . 


TAKEN: RP+1-RP 


M(RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN: NO 
OPERATION 


MRP 


RP 





1 





#2 


4 


NOP 


NOT TAKEN: NO 
OPERATION 


MRP 


RP 





1 





S1#1 

#2 


NO OPERATION 


MRP 


RP 





1 





NO OPERATION 


MRP 


RP 





1 





S1 


D 


0-F 


SEP 


N-P 


NM 


RN 


1 


1 





E 


0-F 


SEX 


N-X 


NN 


RN 


1 


1 





F 





LDX 


MRX-D 


MRX 


RX 





1 





1 
2 
3 
4 
5 
7 


OR 
AND 
XOR 
ADD 
SD 
SM 


MRXOR D-D 
MRX ANDD-D 
MRXXOR D-D 
MRX+D-DF, D 
MRX-D-DF, D 
D-MRX-DF: D 


MRX 


RX 





1 





6 


SHR 


LSB(DWDF:0-MSB(D) 


FLOAT 


RX 


1 


1 





8 
9 
A 
B 
C 
D 
F 


LDI 
OR! 
ANI 
XRI 
ADI 
SDI 
SMI 


MRP-D;RP+1-RP 
MRP OR D-D; RP^1-RP 
MRP AND D-D; RP+1-RP 
MRP XOR D-D; RPH-RP 
MRP+D-DF, D; RP+^-RP 
MRP-D-DF, D: RP+1-RP 
D-MRP-DF, D; RP+1-RP 


MRP 


RP 





1 





E SHL 


MSB(D)-OF;0-LSB(D) 


FLOAT 


RP 


1 


1 





S2 


DMA IN 


BUS-MRO; R0+1-R0 


DATA FROM 
I/O DEVICE 


RO 


1 








DMA OUT 


MR0-BUS;R0+1-R0 


MRO 


RO 





1 





S3 


INTERRUPT 


X,P-T;0-MIE 
1-P;2-X 


FLOAT 


RN 


1 


1 
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1800-Serie8 Microprocessors and Microcomputers 



CDP1805C, CDP1806C 

TABLE H. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 


MWR 


N 
LINES 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"68" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


S1 








STPC 


STOP COUNTER CLOCK; 
0-*-^32 PRESCALER 


FLOAT 


RO 


1 


1 





1 


Die 


CNTR-1-*CN7R 


FLOAT 


R1 


1 







2 


SPM2 


CNTR-1 ON EF2 AND TPA 


FLOAT 


R2 


1 







3 


SCM2 


CNTR-1 ONEF2 0TO1 


FLOAT 


R3 


1 







4 


SPM1 


CNTR-1 ON EF1 AND TPA 


FLOAT 


R4 


1 







5 


SCM1 


CNTR-1 0NEF1 TO 1 


FLOAT 


R5 


1 







6 


LDC 


D-CNTR;0-CI;STOP CNTR 


D 


R6 


1 







7 


STM 


CNTR-1 ON TPA^32 


FLOAT 


R7 


1 







8 


GEC 


CNTR-*D 


CNTR 


R8 


1 







9 


ETQ 


IF CNTR THRU OiZJ-O 


FLOAT 


R9 


1 







'a 


XIE 


1-XIE 


FLOAT 


RA 


1 







B 


XID 


0-XIE 


FLOAT 


RB 


1 







C 


CIE 


1-CIE 


FLOAT 


RC 


1 







D 


CID 


0-CIE 


FLOAT 


RD 


1 







3 


E 


BCI 


TAKEN: MRP-RP.0;0-CI 
NOT TAKEN: RP+1-RP 


MRP 


RP 










F 


BXI 


TAKEN: MRP-RP.O 
NOT TAKEN: RP+1-RP 


MRP 


RP 










S1#1 


6 


0-F 


RLXA 


MRX-B. RX+1-RX 


MRX 


RX 










#2 


B-*T;MRX-B;RX+1-*RX 


M(RX+1) 


RX+1 










#3 


B. T-*RN.O. RN.1 


FLOAT 


RN 


1 







S1#1 


8 


O-F 


SCAL 


RN.O. RN.1--T. B 


FLOAT 


RN 


1 







#2 


T-MRX: RX-1-RX 


RN.O 


RX 


1 







#3 


B-MRX. RX-1-*RX 


RN.1 


RX-1 


1 







#4 


RP.0RP.1-T. B 


FLOAT 


RP 


1 







#5 


B. T-*RN.1.RN.0 


FLOAT 


RN 


1 







#6 


MRN-B:RN+1-RN 


MRP 


RP 










#7 


B-T:MRN-*B:RN+1-RN 


MrRP+1) 


RP+1 










#8 


B. T-RP.O. RP.1 


FLOAT 


RP 


1 







S1#1 


9 


0-F 


SRET 


RN.O. RN.1-T. B 


FLOAT 


RN 


1 







#2 


RX+1--RX 


FLOAT 


RX 


1 




. 


#3 


B, T-*RP.1,RP.0 


FLOAT 


RP 


1 







#4 


MRX-B; RX+1-RX 


M(RX+1) 


RX+1 










#5 


B-T; MRX-B 


M(RX+1) 


RX+2 










#6 


B, T-RN.O, RN.1 


FLOAT 


RN 


1 







S1#1 


A 


0-F 


RSXD 


RN.O. RN.1-T.B 


FLOAT 


RN 


1 







#2 


T-MRX; RX-1-RX 


RN.O 


RX 


1 







#3 


B-*MRX;RX-1-*RX 


RN.1 


RX-1 


1 







S1#1 

#2 


B 


0-F 


RNX 


RN.O, RN.1-T, B 


FLOAT 


RN 


1 







B. T-RX.1. RX.O 


FLOAT 


RX 


1 







S1#1 


C 


0-F 


RLDI 


MRP-*B;RP+1-RP 


MRP 


RP 










#2 


B-T;MRP-B;RP+1--RP 


M(RP+1) 


RP+1 










#3 


B, T-RN.O, RN.1; RP+1-RP 


FLOAT 


RN 


1 








I 
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RCA CMOS LSI Products 



CDP1805C, CDP1806C 



Instruction Summary 
N 








1 1 2 1 3 1 4 1 5 


6 1 7 1 8 


9 1 A 


B 


C 


D 


E 1 F 1 





IDL 


LDN 1 


1 


INC 


2 


DEC 


3 


BR 1 BQ 1 BZ 1 BDF | B1 | B2 


B3 1 B4 I SKP 


BNQ 1 BNZ 


BNF 


BN1 


BN2 


BN3 1 BN4 1 


4 


LDA 


5 


STR 


6 


IRX 


OUT 


* 


INP 1 


7 


RET 


DIS |LDXA|STXD| ADC | SDB 


SHRCl SMB 


SAV 


MARK 1 REQ 


SEQ 


ADCI 


SDBI 


SHLClSMBll 


8 


GLO 


9 


GHI 


A 


PLC 


B 


PHI 


C 


LBR 1 LBQ 1 LBZ |LBDF | NOP | LSNQ 


LSNZIlSNF 1 LSKP 


lbnqIlbnz 


LBNF 


LSIE 


LSQ 


Lsz IlsdfI 


D 


SEP 


E 


SEX 


F 


LDX 1 OR [and 1 XOR 1 ADD | SD 


SHR 1 SM 1 LDI 


ORI i ANI 


XRI 


ADI 


SDI 


SHL 1 SMI 1 




'68' LINKED OPCODES (DOUBLE FETCH) 





STPC 


DTC 


SPM2 


SCM2 


SPM1 


SCM1 


LDC 


STM 


GEO 


ETQ 


XIE 


XID 


CIE 


CID 


-- 


— 


3 , 


— 


— 


— 


— 


-__ 


— 


— 


— 


— 


— 


_ 


-- 


— 


— 


BCI 


BXI 


6 


RLXA 


8 


SCAL 


9 


SRET 


A 


RSXD 


B 


RNX 


C 


RLDI 



'68' IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 
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1800-Series Microprocessors and Microcomputers 



Objective Data CDP1805AC, CDP1806AC 

CMOS 8-Bit Microprocessor With 
ON-CHIP RAM ▲ and Timer/Counter 



CLOCK 

WAIT 


I ^ tt 


ta 


CLEAR — 


3 38 


— &MA IN 





4 37 


— bMA 6uT 


SCI 


5 36 




SCO 


6 35 


— HyWR 


smo — 


7 34 


TPA 


BUS 7 


8 33 


TPB 


BUS 6 


9 32 


MA7 


BUS 5 1 


to 31 


MA6 


BUS 4 


II 30 


MAS 


BUS 3 


12 29 


MA4 


BUS 2 — 


13 28 


MA3 


BUS 1 


14 27 


MA2 


BUSO 


15 26 


MAI 


* 


16 25 


1 MAO 


N2 


17 24 


~m 


Nl 


16 23 


r— EF2 


NO 


19 22 


1 EF3 


vss — 


20 21 


^EF4 




TOP VIEW 




•^•ME FOR CDPI805AC 


VoD TOR CDPI806AC 92CS-35004 


TERMINAL ASSIGNMENT 



Performance Features: 

■ Instruction time of 3.2 /js, 
-40 to +85° C 

m 123 instructions - upwards software 
compatible with CDP1802, 
CDP1805, CDP1806 

■ BCD arithmetic instructions 

■ Low-power IDLE mode 

■ Pin compatible with CD PI 802, 
CDP1805, CDP1806, except for 
Vcc terminal 



64K-byte memory address capability 

64 bytes of on-chip RAM^ 

16 X 16 matrix of on-board registers 

On-chip crystal or RC 

controlled oscillator 

8-bit timer/counter 



kCDP1805AConly 



The RCA-CDP1805AC and CDP1806AC are functional and 
performance enhancements of the CDP1802, CDP1805C, 
and CDP1806C LSI CMOS 8-bit register-oriented micro- 
processor series and are designed for use in general- 
purpose applications. 

The CDP1805AC hardware enhancements include a 64- 
byte RAM array and a 8-bit presettable down counter. The 
timer/counter which generates an internal interrupt request, 
can be programmed for use in time-base, event-counting, 
and pulse-duration measurement applications. The timer 
/counter underflow output can also be directed to the Q 
output terminal. The CDP1 806AC hardware enhancements 
are identical to the CDP1806AC, except the CDP1806AC 
contains no on-chip RAM. 

The CDP1805AC and CDP1806AC are identical to the 
CDP1804AC, except for the on-chip memory, and may be 
used for CDP1804AC development purposes. 



The CDP1805AC and CDP1806AC software enhancements 
include 22 more instructions than the CDP1802 and 10 
more instructions than the CDP1805C and CDP1806C. The 
32 new software instructions add subroutine call and return 
capability, enhanced data transfer manipulation, timer 
/counter control, improved interrupt handling, single-Instruc- 
tion loop counting, and BCD arithmetic. 

Upwards software and hardware compatibility is maintained 
when substituting a CDP1805AC or CDP1806AC for other 
CDP1800-series microprocess ors. P inout is identical except 
for the replacement of Vcc with TK^on the CDP1805AC and 
the replacement of Vcc with Vdd on the CDP1806AC. 

The CDP1 805AC and CDP1 806AC have an operating voltage 
range of 4 V to 6.5 V and are supplied in a 40-lead hermetic 
dual-in-line ceramic package (D suffix) and in a 40-lead 
dual-in-line plastic package (E suffix). 



I 



V 



^ 



CDPI85I 
PIO 



<$ 



BUSO- BUS7 



ADDRESS BUS 



I 



CDPI805AC 
CDPI806AC 
8-BIT CPU 



MWR 
TPA 

ME 



BUSO- BUST 



A I 



C0PI833 
IK BYTE ROM 



BUS0-BUS7 



CDPI805 ONLY 



H 



v__. 

I MAO- MA4 



■ ^ MRD 



I CDPI824 

32 BYTE RAM 



I 



CDP1806C 
ONLY 



8- BIT DATA BUS 



Fig. 1 - Typical CDP1805AC, CDP1806AC small microprocessor system. 



►jcs 

BUS0-BUS4 

r-i — 

I I 

_ — J ! 
I 



92CM-34987 
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RCA CMOS LSI Products 



CDP1805AC, CDP1806AC 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vod): 
(Voltage referenfced to Vss Terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.6 to Voo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60** C (PACKAGE TYPE E) 500 mW 

For Ta = +60 +85" C (PACKAGE TYPE E) Derate Linearly at 12 mW/«C to 200 mW 

For Ta = -55 to +100° C (PACKAGE TYPE D) 600 mW 

For Ta = +100 to +125*'C (PACKAGE TYPE D) Derate Linearly at 12 mW/«C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125«C 

PACKAGE TYPE E -40 to +86"C 

STORAGE TEMPERATURE RANGE (T„g) -65 to +150*C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) from case for 10 s max +265*C 



RECOMMENDED OPERATING CONDITIONS at Ta = -40 to •*-85''C 

For maximum reliability, nomirral operating conditions should be selected so that operation Is always within 
the following ranges: 



CHARACTERISTIC 


CONDITION 

Vdd 
(V) 


LIMITS 


UNITS 


CDP1805ACD, CDP1805ACE 
CDPiaOSACP, CDP1808ACE 


MIN. 


MAX. 


DC Operating Voltage Range 


— 


4 


6.5 


V 


Input Voltage Range 


— 


Vss 


Vdd 


Minimum Instruction Time* (fcL=5 MHz) 


5 


3.2 




//s 


Maximum DMA Transfer Rate 


5 


_ 


0.625 


Mbytes/s 


Maximum Clock Input Frequency, 
Load Capacitance (CL) = 50 pF 


5 


DC 


5 


MHz 


Maximum External Counter/Timer 
Clock Input Frequency to EF1 , EF2 toLx 


5 


DC 


2 



*Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, 
NOP, and "68" family instructions, which are more than two cycles. 
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1 800-Serle s Microprocessors and Microcomputers 
CDP1805AC, CDP1806AC 



STATIC ELECTrtlCAL CHARACTERISTICS at Ta = ^0 to +85'' C, Vdd ± 5%, Except as noted 








CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 


MIn. 


Typ.* 


Max. 


Quiescent Device Current (do 


— 


0,5 


5 


— 


50 


200 


M 


Output Low Drive (Sink) Current lot 
(ExceotXTAU 


0.4 


0.5 


5 


1.6 


4 


— 


mA 


XTAL Output loL 


0.4 


*5 


5 


0.2 


0.4 


— 


Output High Drive (Source) Current Ioh 
(Except XTAL) 


4.6 


0,5 


5 


-1.6 


-4 


— 




4.6 





5 


-0.1 


-0.2 


— 


XTAL Ioh 


Output Voltage Low-Level Vol 


— 


0.5 


5 


— 





0.1 


V 


Output Voltage High Level Voh 


— 


0,5 


5 


4.9 


5 


— 


Input Low Voltage (BUS — BUS 7, ME) V,l 


0.5, 4.5 


— 


5 


— 


— 


1.5 


Input High Voltage (BUS - BUS 7,"ME) V,h 


0.5,4.5 


— 


5 


3.5 


— 


— 


Schmitt Trigger input Voltage 
(Except BUS - BUS 7, ME) 
Positive Trigger Threshold Vp 
Negative Trigger Threshold Vn 
Hysteresis Vh 


0.5, 4.5 


— 


5 


2.2 


2.9 


3.6 


0.9 


1.9 


2.8 


0.3 


0.9 


1.6 


Input Leakage Current Iin 


— 


0.5 


5 


-_ 


±0.1 


±5 


//A 


3-State Output Leakage Current Iout 


0,5 


0,5 


5 


— 


±0.2 


±5 


Input Capacitance Cin 


— 


_ 


— 


— 


5 


7.5 


pF 


Output Capacitance Cout 


— 


— 


— 


— 


10 


15 


Total Power Dissipation (f=5 MHz) 
Idle "00" at M(OOOO), CL = 50 pF 


— 


— 


5 


— 


1.5 


3 


mW 


Minimum Data Retention Voltage Vdr 


Vdd = Vdr 


— ' 


2 


2.4 


V 


Data Retention Current Ior 


Vdd = 2.4 


— 


25 


100 


A/A 



•Typical values are for Ta = 25** C and nominal Vdd. 



OPERATING AND HANDLING CONSIDERATIONS 

Handling 

Ail inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during hahdiing. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 
Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vdd — Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vcc nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every Input terminal. 
All unused Input terminals must be connected to either 
Vcc or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vdd, Vcc, or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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RCA CMOS LSI Products 



CDP1805AC, CDP1806AC 



MEMORY ADDRESS LINES I/O FLAGS 

/ ^ .r-"-^ 



I/O REQUESTS 
. 1 . 



ME FOR CDPI805AC 
VdD f'O" CDPI806AC 

I 

CDPI805AC I 

ONLY / I 

I H^64-8YTeLJ 

I |_ RAM r^ 



MA6 MA4 MA2 MAO _ 

matImasImasIma! I te Ief- 



EFI EF3_ 
EF4 



MUX 



BUSO 
BUS I 
BUS 2 
BUS 3 
8US4~, 
BUSS 
BUS 6 
BUS 7 



COUNTER HOLDING 
REGISTER (CH) 



8-BIT 
TIMER/ COUNTER 



MODE 
CONTROL 



M±g 



OUT 
m\ INT 



CLEAR WAIT 

11 



CLOCK 
LOGIC 



-<hr«^ 



EFI 
EF2 
TPA 



CONTROL AND 
TIMING LOGIC 



TO 

INSTRUCTION 

DECODE 



> *T*@ 



(16) 



- CLOCK 
'•XTAL 

--*sco\_ 

-^SCI J 
Q LOGIC 
TPA ^ 

-♦ TPB J 

-••mWS P 

MRO 



STATE 
COOES 



SYSTEM 
TIMING 



"Ci 



^).l 

R(2).l 



R(l).0 
R(2).0 



irr 



REGISTER 
ARRAY 



LATCH 

AND 

DECODE 



8- BIT BIDIRECTIONAL DATA BUS 



_ I/O 
COMMANDS 



92CM-34988 



Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. 



TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 



r 



INTERNAL RAM READ CYCLE ■ 



INTERNAL RAM WRITE CYCLE 
CX) 10 20 30 40 50 GO 70 



1 

70 I 



00 10 20 30 40 50 60 70 .. .. _, ., . .. .. . 

ctocKn_rTjnxLiTjnjxnjiJiJiJiJiJijnJTJ-L_ 

01 II 21 31 41 51 61 1 71 01 II 21 31 41 51 61 71 



MEMORY ■ 
ADDRESS . 



I HIGH BYTE j LOW BYTE | | HIGH BYTE { LOW BYTE 



ME ■ 
IN 



_r 



VALID DATA FROM MEMORY - 



V//////////////A V//A 



VALID DATA FROM CPU 



H 



92CM- 34989 
INpTE 

ME HAS A Minimum setup and hold time with respect to the 

BEGINNING OF CLOCK 70 FOR A MEMORY READ OPERATION. RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE. THE TIME 
SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA OUT OPERATION IS 
PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA ENOUGH TIME TO 
BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL RAM IS 
AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, INDEPENDENT 
OF Ml. 

"^ FOR CDPI805AC ONLY 

fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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1800-Serles Microprocessors and Microcomputers 



CDP1805AC, CDP1806AC 



EXTERNAL MEMORY READ CYCLE —j— EXTERNAL MEMORY WRITE CYCLE 
loo 10 20 30 40 50 60 70 loO 10 20 30 40 50 60 70 



loo 

IJ 

TPA I L 



1 



01 II 21 31 41 51 6I| 71 01 11 21 31 41 51 61 71 



TPB 



■^ 



ADDr'eSS I "'G» BYTE | LOW BYTE | | HIGH BYTE } LOW BYTE { 

^ I ^_J 

I 



^ ME IN 
(HIGH) • 



DATA BUS Y^Z^ °'^'^^ LATCHED IN CPU ^ " 



VALID DATA FROM CPU 



^ 



FOR CDPI805AC ONLY 



92CS-34 990 



Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1d06AC. 



I 



ENHANCED CDP1805AC and CDP1806AC OPERATION 



TIMING 

Timing for the CDP1 805AC and CDP1 806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 

• 4.5 clock cycles are provided for memory access 
Instead of 5. 

• Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructions. 

• Flag lines ('Eri-EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the S1 cycle. 

• Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, instead of any negative clock transition. 



SPECIAL FEATURES 

Schmitt triggers are provided on all control inputs, except 



ME, for maximum immunity from noise and slow signal 
transitions. A Schmitttrigger in the oscillator section allows 
operation with an RC or crystal. 

The CDP1802-series LOAD mode is not retained. This 
mode (WAIT, CLEArt=0) is not allowed on the CDP1 805AC 
andCDP1806AC. 

A low power mode Is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high tr ansit ion of 
TPB. All outputs remain in their previous states, MRD is set 
to a logic "1", and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the timer 
/counter. The only restrictions are that the Timer mode, 
which uses the TPA -^ 32 clock source, and the underflow 
condition at the Pulse Width Measurement modes are not 
available to exit the IDLE mode. 



SIGNAL DESCRIPTIONS 



BUS to BUS 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines: 

Activated by an I/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to issue command codes or device 



selection codes to the I/O devices. The N bits are low at all 
times except when an I/O instruction is being executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the I/O instruct ion b y bit N3 (internally) and is indicated by 
the level of the MRD signal: 

MRD = Vdd: Data from I/O to GPU and Memory 
MRD = Vss: Data from Memory to I/O 
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EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are s ampl ed a t the end of 
every SO cycle. One additional use forEFI and EF2 is event 
counting and pulse-width measurement in conjunction 
with the Timer/Counter. 



INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These Inputs are sampled by the CDP1805AC and CDP- 
1806AC during TPB. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data Is loaded into 
or read out of memory; and increment R(0). 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 



State Type 


State Code Lines 


SCI 


SCO 


SO (Fetch) 


L 


L 


S1 (Execute) 


L 


H 


S2 (DMA) 


H 


L 


S3 (Interrupt) 


H 


H 



H = Vdd, L=Vss. 



TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once In each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the 16-bit memory address. 

MAO to MAT (8 Memory Address Lines): 



In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 1 6-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 



KlFuJCRead Level): 

A low level onMRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to i ndicate the direction of data transfer during 
an I/O instruction. 

Q: 

Single bit output from the CPU which can be set or reset, 
between the trailing edge of TPA and the leading edge of 
TPB, under program control. The Enable Toggle Q com- 
mand connects the Q-llne flip-flop to the output of the 
counter, such that each time the counter decrements from 
01 to its next value, the line changes state. This command 
is cleared by a LOAD COUNTER (LDC) instruction, a CPU 
reset, ora BRANCH COUNTER INTERRUPT (BCI) instruc- 
tion with the counter interrupt flip-fiop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequency Is 5 MHz at Vod = 6 V. The clock is 
counted down internally to 8 clock pulses per machine 
cycle. 



XTAL: 



Connection to be used with clock Input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 







MODE 


CLEAR 


WAIT 


L 


L 


NOT ALLOWED 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN 



MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 



ME (Memory Enable CDP1805AC Only): 

This active low signal line is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that IME is active 
(after clock 31). Thus, if this data is to be latched Into an 
external de vice ( i.e., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. 

The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 

VDD(CDP1806ACOnly): 

This input replaces the ME signal of the CDP1806AC and 
must be connected to the positive power supply. 

Vdd,Vs$, (Power Levels): 

Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vod is the positive supply 
voltage terminal. All outputs swing from Vss to Vdd. The 
recommended input voltage swing is from Vss to Vdo. 
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Fig. 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a 
register array (R) consisting of sixteen 16-blt scratchpad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N. P, and X. The contents of any register 
can be directed to any one of the following three paths: 

1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

The three paths, depending on the nature of the instruction, 
may operate independently or In various combinations In 
the same machine cycle. 

Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically incremented 
by one so that R(P) is now "pointing" to the next byte in the 
memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted 
upon during register operations 

2. indicate to the I/O devices a command code or 
device-selection code for peripherals 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific opera- 
tion required in a class of miscellaneous instructions 

4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 

5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 



counter for the user's Interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter Is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

1. ALU operations 

2. output instructions 

3. input instructions 

4. register *- -* memory transfer 

5. interrupt and subroutine handling. 

The register designated by N (i.e., R(N)) points to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store D" instruction 5N. The register designated by P 
(I.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 70, 7D, 7F, and the RLDI 
instruction 680N. During these instruction executions, the 
operation Is referred to as "data immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle In the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-ln) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is Incremented by 
one so that the processor Is ready to act upon \he next DMA 
byte transfer request. This feature in the CDP1805AC and 
CDP1806AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display-refresh 
cycles. 

Data Registers 

When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data Immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers In R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 
The new RLDI, RLXA, RSXD, and RNX Instructions also 
allow loading, storing, and exchanging the full 16-bit 
contents of the R registers. The new DBNZ instruction 
allows decrementing and branching-on-not-zero of any 16- 
bit R register without affecting the D register. 

The Flip-Flop 

An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the output of the timer/counter. The 
output of Q Is also available as a microprocessor output. 



I 
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D 


8 Bits 


Data Register (Accumulator) 


DF 


1 Bit 


Data Flag (ALU Carry) 


B 


8 Bits 


Auxiliary Holding Register 


R 


16 Bits 


1 of 16 Scratchpad Registers 


P 


4 Bits 


Designates which Register is 
Program Counter 


X 


4 Bits 


Designates which Register is 
Data Pointer 


N 


4 Bits 


Holds Low-Order Instr. Digit 


I 


4 Bits 


Holds High-Order Instr. Digit 


T 


8 Bits 


Holds old X, P after Interrupt 
(X is high nibble) 


Q 


1 Bit 


Output Flip-Flop 


CH 


8 Bits 


Holds Counter Jam Value 


MIE 


1 Bit 


Master Interrupt Enable 


CIE 


1 Bit 


Counter Interrupt Enable 


XIE 


1 Bit 


External Interrupt Enable 


CIL 


1 Bit 


Counter Interrupt Latch 



Interrupt Servicing 

Register R(1) Is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further Interrupts. The user's interrupt routine is now in 
control; the contents of T may be saved by means of a single 
SAV instruction (78) In the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV Instruction (6876). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further Interrupts, or a DIS instruction (71), which 
disables further interrupts. 



Interrupt Generation and Arbitration 
(See Fig. 5) 

Interrupt requests can be generated from the foiiowing 
sources: 

1. Externally through the interrupt input (Request not 
latched) 

2. internally due to timer/counter response (Request is 
latched) 

a. On the transition from count (01 )isto its next value 
(counter underflow) 

b. On the transition of EF1 in pulse measure- 
ment mode 1 

c. On the transition of EF2 in pulse measure- 
ment mode 2 



For an Interrupt to be serviced by the CPU, the appropriate 
interrupt Enable flip-flops must be set. Thus, the External 
interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter interrupt Enable flip-flop 
must be set to service an internal timer/counter interrupt 
request, in addition, the Master interrupt Enable fiip-flop 
(as used in the CDP1802) must be set to service either type 
of request. Ail 3 flip-flops are initially enabled with the 
application of a hardware reset, and. can be selectively 
enabled or disabled with software: CiE, CiD instructions for 
the CIE flip-flop; XIE, XiD instructions for the XiEfiip-fiop; 
RET, DIS Instructions for the MIE flip-flop. 
Short branch instructions on Counter Interrupt (BCi) and 
External Interrupt (BXi) can be placed in the user's interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. 

interrupt requests can also be polled if automatic interrupt 
service is not desired (MiE=0). With the Counter interrupt 
and External Interrupt short branch Instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 interrupt Enable flip-flops. The 
latched counter interrupt request signal will be reset when 
the branch is taken, when the CPU is reset, or with a LDC 
instruction with the Counter stopped. 
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INTERRUPT 

ENABLE 



CIE 

RESET 

CID 



J^ 



COUNTER 

INTERRUPT 

ENABLE 

R FF Q 



COUNTER 
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PULSE MODE EF2/- 
BCI 
RESET 
LDC 'COUNTER 
STOPPED 






S Q 

COUNTER 
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LATCH 
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LOGIC (BCI) 



EXTERNAL INT 



-O^ 



RESET 
XID 



■J^ 



S Q 

EXTERNAL 
INTERRUPT 

„ ENABLE 

R FF 



-^ TO BRANCH 
""T^ LOGIC (BXI) 




INTERRUPT 



92CM-3388eR| 

Fig. 5 - Interrupt logic-control diagram for CD P1805AC and CDP1806AC. 
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Timer/Counter and Controls (see Fig. 6) 

This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 prescaler. 
After counting down to (01)i6 the counter returns to its 
initial value at the next count and sets the Counter Interrupt 
Latch. It wilt continue decrementing on subsequent counts. 
If the counter is preset to (00)ie a full 256 counts will occur. 

During a Load Counter instruction (LDC) if the counter was 
stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If the 
LDC is executed when the counter is running, the contents 
of the D register are loaded into the holding register (CH) 
only and any previous counter Interrupt is not cleared. After 
counting down to (01)i6 the next count will load the new 
Initial value into the counter, set the Counter Interrupt 
Latch, and operation will continue. 

The timer/counter has the following five programmable 
modes: 

1. Eve nt Counter 1: Input to counter is connected to the 
EF1 terminal. The high-to-low transition decrements 
the counter. 

2. Eve nt Counter 2: Input to counter is connected to the 
BP2 terminal. The high-to-low transition decrements 
the counter. 

3. Timer: Input to counter is from the divide-by-32 pre- 
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode or stopped by a STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 



decrements the counter if the input signal at EF l 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 
5. Pulse Duration Measurement 2: Operatio n is id entical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. 



The modes can be changed without affecting the stored 
count. 

Those modes which use EF1 and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 

The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 

I n addition to the five programmable modes, the Decrement 
Counter Instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter Instruction. 

The Enable Toggle Q instruction (ETQ) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle Q condition is cleared by an LDC with the 
timer/counter stopped, system Reset, or a BCI with Cl=1. 
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92CM- 34758 



Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC. 
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On-Board Clock (see Pig. 7 and 8) 

Clock circuits may use either an external crystal or an BC 
network. 

The crystal is co nnected between terminals 1 and 39 
(CLOCK andXTAL) In parallel with a resistance (1 megohm 
typ.). 

Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information on crystal oscillators, 
see ICAN-6565. Because of the Schmitt Trigger input, an 
RC oscillator can be used as shown in Fig. 7. The frequency 
Is approximately 1/RC (see Fig. 8). 



R 



CLOCK( 
C: 



^-4^ 



iXTAL 



■z^ d2CS-3l056 

Fig. 7 - RC netwotk for osciltator. 




468 2 4 68 2 4 68 2 4 68 _ 
100 IK lOK tOOK 

FREQUENCY (Hz) 

92CS-S4I72 



Fig. 8 - Nominal component values as a function 
of frequency for the RC oscillator. 



CONTROL MODES 



CLEAR 


WAIT 


MODE 


L 


L 


NOT ALLOWED 


L 


H 


RESET 


H 


L 


PAUSE 


H 


H 


RUN 



The function of the modes are defined as follows: 

RESET 

Registers I, N, Q, counter prescaler, and Counter Interrupt 
Latch are reset. XI E and CI E are set and O's (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 



held and the CPU is placed in S1. The state of the 
timer/counter is unaffected by the RESET operation. 

The first machine cycle after termination of reset is an 
initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains In Si , X, P— T, and then registers 
X, P, and R(0) are reset and MIE is set. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an SO or an S2 but never an S1 or S3. The use of 
a 71 instruction, followed by 00 at memory locations 0000 
and 0001, may be used to reset MIE, so as to preclude 
interrupts until ready for them. Power-up reset/ru n can be 
realised by connecting an RC network to CLEAR (see Fig. 



9). 



VOD 



waTt 



^-AAAr- 



Cx4= 



C0PI8O5AC 
C0PI806AC 

-^ 



The ftC tlm« constant 
should b« greater 
than the oscillator 
8tart>up time 
(typically 20 ms). 



lyL_yU 

"" 92CS-3499I 

Fig. 9 " Reset/run diagram. 

PAUSE 

Stops the Internal CPU timing generator, freezing the state 
of the processor, Pause can occur at two points In a 
machine cycle, on the low-to-high transition of either TPA 
or TPB. 

The oscillator continues to run but subsequent clock 
transitions are ignored. TPA and TPB remain at their 
previous state (see Fig. 10). 

If Pause is entered while in the event counter mode, the 
appropriate Flag transitions will continue to decrement the 
counter. 
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92CM- 31944 
NOTE; 

PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE CLOCK 
CYCLE IN DURATION. COULD BE INFINITELY LONG. 

Fig. 10 " Pause mode timing waveforms. 
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CONTROL MODES (Cont'd) 

RUN 

May be initiated from the Pause or Reset mode functions, if 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, It will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 9). 
When Initiated from the Rfeset operation, the first machine 
cycle following Reset is always the initialization cycle. The 



initialization cycle is then followed by a DMA (S2) cycle or 
fetch (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS 0— BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAf^ 
input as a power-up RESET (see Fig. 9) and the CLOCK 
input (see Fig. 7). 



STATE TRANSITIONS 



I 



The CDP1805AC and CDP1806AC state transitions are periodoftime, 8 clock pulses, except the initialization cycle 
shown In Fig. 11. Each machine cycle requires the same (INIT) which requires 9 clock pulses. 
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Fig. 1 1 - State transition diagram. 
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The CDP1805AC and CDP1806AC instruction summary is 
given in Table I. Hexadecimal notation is used to refer to the 
4-bit binary codes. 

In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W=N or X, or P 



R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 
Operation Notation 

M(R(N))-D;R(N) + 1-*R(N) 

This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 



TABLE I - INSTRUCTION SUMMARY (For Notes, see also page 17) 





NO. OP 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


MEMORY REFERENCE 1 


LOAD IMMEDIATE 


2 


LDI 


F8 


M(R(P))-D; R(P)+1-R(P) 


REGISTER LOAD IMMEDIATE 


5 


RLDI 


68CN" 


M(R(P))-R(N).1; M(R(P))+1- 
R(N).0;R(P)+2-R(P) 


LOAD VIA N 


2 


LDN 


ON 


M(R(N))-*D;FORNNOT0 


LOAD ADVANCE 


2 


LDA 


4N 


M(R(N))-D; R(N)+1-R(N) 


LOAD VIA X 


2 


LDX 


FO 


M(R(X))-D 


LOAD VIA X AND ADVANCE 


2 


LDXA 


72 


M(R(X)HD;R(X)+1-R(X) 


REGISTER LOAD VIA X AND 


5 


RLXA 


686N" 


M(R(X)HR(N).1; M(R(X)+1)- 


ADVANCE 








R(N).0; R(X))+2-R(X) 


STORE VIA N 


2 


STR 


5N 


D-*M(RN)) 


STORE VIA X AND DECREMENT 


2 


STXD 


73 


D-M(R(X));R(X)-1-R(X) 


REGISTER STORE VIA X AND 


5 


RSXD 


68AN" 


R(N).0-*M(R(X)): R(N).1-* 


DECREMENT 








M(R(X)-1):R(X)-2-R(Xl 


REGISTER OPERATIONS 1 


INCREMENT REG N 


2 


INC 


1N 


R(N)+1-R(N) 


DECREMENT REG N 


2 


DEC 


2N 


R(N)-1-R(N) 


DECREMENT REG N AND LONG 


5 


DBNZ 


682N 


R(NH-R(N);IFR(N)NOT0. 


BRANCH IFNOTEOUALO 








M(R(P))--R(P).1, M(R(P)+1H 
R(P).0, ELSE R(P)+2-R(P) 


INCREMENT REG X 


2 


IRX 


60 


R(X)+1-R(X) 


GET LOW REG N 


2 


GLO 


8N 


R(N).0-*D 


PUT LOW REG N 


2 


PLC 


AN 


D-*R(N).0 


GET HIGH REG N 


2 


GHI 


9N 


R(N).1-D 


PUT HIGH REG N 


2 


PHI 


BN 


D--R(N).1 


REGISTER N TO REGISTER X COPY 


4 


RNX 


68BN" 


R(N)--R(X) 


LOGIC OPERATIONS (Note 5) | 


OR 


2 


OR 


F1 


M(R(X)) OR D-D 


OR IMMEDIATE 


2 


ORI 


F9 


M(R(P)) OR D-D; 
R(P)+1-R(P) 


EXCLUSIVE OR 


2 


XOR 


F3 


M(R(X)) XOR D-D 


EXCLUSIVE OR IMMEDIATE 


2 


XRI 


FB 


M(R(P)) XOR D-D; 
R(P)+1-R(P) 


AND 


2 


AND 


F2 


M(R(X)) AND D-D 


AND IMMEDIATE 


2 


ANI 


FA 


M(R(P)) AND D-D; 
R(P)+1-R(P) 


SHIFT RIGHT 


2 


SHR 


F6 


SHIFT D RIGHT, LSB(D)-DF, 
O-MSB(D) 


SHIFT RIGHT WITH CARRY 


2 


SHRC \ 


76A 


SHIFT D RIGHT. LSB(D)-DF, 


RING SHIFT RIGHT 


2 


RSHR I 




DF-MSB(D) 


SHIFT LEFT 


2 


SHL 


FE 


SHIFT D LEFT. MSB(D)-DF, 
O-LSB(D) 



■Previous contents of T register are destroyed during Instruction execution. 

^Thls instruction Is associated with more than one mnemonic. Each mnemonic is Individually listed. 
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Table I — INSTRUCTrON SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


LOGIC OPERATIONS (Note 6) (Cont'd) 1 


SHIFT LEFT WITH CARRY 


2 


SHLC 1 


7EA 


SHIFT D LEFT. MSB(D)-DF. 


RING SHIFT LEFT 


2 


RSHL > 




DF-*LSB(D) 


ARITHMETIC OPERATIONS (Note 5) 


ADD 


2 


ADD 


F4 


M(R(X))+D-*DF. D 


DECIMAL ADD 


4 


DADD 


6dF4 


M(R(X))+D-DF, D 
DECIMAL ADJUST-DF. D 


ADD IMMEDIATE 


2 


ADI 


FC 


M(R(P))+D-DF, D; R(P)+1-R(P) 


DECIMAL ADD IMMEDIATE 


4 


DADI 


68FC 


M(R(P))+D--DF,D 

R(P)+1--R(P) 

DECIMAL ADJUST-DF, D 


ADD WITH CARRY 


2 


ADC 


74 


M(R(X))+D+DF-DF, D 


DECIMAL ADD WITH CARRY 


4 


DADC 


6874 


M(R(X))+D+DF--DF. D 
DECIMAL ADJUST-DF. D 


ADD WITH CARRY, IMMEDIATE 


2 


ADCI 


70 


M(R(P))+D+DF-DF, D 
R(P)+1-R(P) 


DECIMAL ADD WITH CARRY, 


4 


DACI 


687C 


M(R(P))+D+DF-DF, D 


IMMEDIATE 








R(P)+1-R(P) 

DECIMAL ADJUST-DF. D 


SUBTRACT D 


2 


SD 


F5 


M(R(X))-D-DF, D 


SUBTRACT D IMMEDIATE 


2 


SDI 


FD 


M(R(P))-D-DF, D; 
R(P)+1-R(P) 


SUBTRACT D WITH BORROW 


2 


SDB 


75 


M(R(X))-D-(NOT DF)-DF, D 


SUBTRACT D WITH 


2 


SDBI 


7D 


M(R(P))-D-(NOT DF)-DF, D; 


BORROW. IMMEDIATE 








R(P)+1-R(P) 


SUBTRACT MEMORY 


2 


SM 


F7 


D-M(R(X))-*DF, D 


DECIMAL SUBTRACT MEMORY 


4 


DSM 


68F7 


D-M(R(X))-*DF. D 
DECIMAL ADJUST-DF. D 


SUBTRACT MEMORY IMMEDIATE 


2 


SMI 


FP 


D-M(R(P))-DF. D; 
R(P)+1-*R(P) 


DECIMAL SUBTRACT MEMORY, 


4 


DSMI 


68FF 


D-M(R(P))-DF, D 


IMMEDIATE 








R(P)+1-*R(P) 

DECIMAL ADJUST-DF, D 


SUBTRACT MEMORY WITH BORROW 


2 


SMB 


71 


D-M(R(X))-(NOT DF)-*DF. D 


DECIMAL SUBTRACT MEMORY 


4 


DSMB 


6877 


D-M(R(X))-(NOT DF)-DF, D 


WITH BORROW 








DECIMAL ADJUST-*DF. D 


SUBTRACT MEMORY WITH 


2 


SMBI 


7F 


D-M(R(P))-(NOT DF)-DF. D 


BORROW, IMMEDIATE 








R(P)+1-R(P) 


DECIMAL SUBTRACT MEMORY 


4 


DSBI 


687F 


D-M(R(P))-(NOT DF)-DF, D 


WITH BORROW. IMMEDIATE 








R(P)H-1-R(P) 

DECIMAL ADJUST--DF. D 


BRANCH INSTRUCTIONS - SHORT BRA 


NCH 








SHORT BRANCH 


2 


BR 


30 


M(R(P))-R(P).0 


NO SHORT BRANCH (SEE SKP) 


2 


NBR 


38^ 


R(P)+1-*R(P) 


SHORT BRANCH IF D = 


2 


BZ 


32 


IFp = 0. M(R(P))-R(P).0 
ELSER(P)+1--R(P) 


SHORT BRANCH IF D NOTO 


2 


BNZ 


3A 


IFDNOTO, M(R(P))-R(P).0 
ELSER(P)+1-R(P) 



I 



^This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


BRANCH INSTRUCTIONS - SHORT BRANCH (Cont'd) 1 


SHORT BRANCH IF DF = 1 


2 


BOF"! 


33A 


IFDF=1,M(R(P))-R(P).0 


SHORT BRANCH IF POS OR ZERO 


2 


BPZ 




ELSE R(P)+1--R(P) 


SHORT BRANCH IF EQUAL OR 


2 


BGE ' 






GREATER 










SHORT BRANCH IF DF = 


2 


BNF -J 


3B^ 


IF D = 0. M(R(P))-R(P).0 


SHORT BRANCH IF MINUS 


2 


BM 




ELSER(P)+1-R(P) 


SHORT BRANCH IF LESS 


2 


BL ^ 






SHORT BRANCH IF 0= 1 


2 


BQ 


31 


IFQ=1,M(R(P))-R(P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF = 


2 


BNO 


39 


IF = 0. M(R(P))-*R(P).0 
ELSER(P)+1-R(P) 


SHORT BRANCH IF EF1 = 1 


2 


B1 


34 


IFEF1=1.M(R(P))--R(P).0 


(EF1 = Vss) 








ELSER(P)+1-R(P) 


SHORT BRANCH IF EF1 = 


2 


BN1 


3C 


IF EF1 = 0. M(R(P))-R(P).0 


(EF1 = Vdd) 








ELSER(P)+1-R(P) 


SHORT BRANCH IF EF2 = 1 


2 


B2 


35 


IFEF2 = 1,M(R(P))-R(P).0 


(EF2 = V8s) 








ELSER(P)+1-R(P) 


SHORT BRANCH IF EF2 = 


2 


BN2 


3D 


IFEF2 = 0, M(R(P))-R(P).0 


(EF2 = Vod) 








ELSER(P)+1-R(P) 


SHORT BRANCH IF EF3 = 1 


2 


B3 


36 


IFEF3=1,M(R(P))-R(P).0 


EF3 = Vss) 








ELSER(P)+1-R(P) 


SHORT BRANCH IF EF3 = 


2 


BN3 


3E 


IF EF3 = 0, M(R(P))-R(P).0 


EF3=Vdo) 








ELSER(P)+1-*R(P) 


SHORT BRANCH IF EF4 = 1 


2 


B4 


37 


IFEF4=1,M(R(P))-R(P).0 


EF4 = Vss) 








ELSER(P)+1-*R(P) 


SHORT BRANCH IF EF4 = 


2 


BN4 


3F 


IF EF4 = 0. M(R(P))-R(P).0 


(EF4 - Vdd) 








ELSER(P)+1-*R(P) 


SHORT BRANCH ON 


3 


BCI 


683E* 


IF CI =1. M(R(P))-R(P).0: 0-CI 


COUNTER INTERRUPT 








ELSER(P)+1-R(P) 


SHORT BRANCH ON 


3 


BXI 


683F 


IFXI = 1,M(R(P))-R(P).0 


EXTERNAL INTERRUPT 








ELSER(P)+1-R(P) 


BRANCH INSTRUCTIONS - LONG BRANCH | 


LONG BRANCH 


3 


LBR 


CO 


M(R(P))-R(P).1, M(R(P)+1)-R(P).0 


NO LONG BRANCH (SEE LSKP) 


3 


NLBR 


C8A 


R(P)+2-R(P) 


LONG BRANCH IF D = 


3 


LBZ 


C2 


IF D = 0. M(R(P))-*R(P).1 
M(R(P)-H)-*R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF D NOT 


3 


LBNZ 


CA 


IFDNOTO, M(R(P))-R(P).1 
M(R(P)+1)-*R(P).0 
ELSE R(P)+2-R(P) 


LONG BRANCH IF DF = 1 


3 


LBDF 


C3 


IFDF=1,M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-*R(P) 


LONG BRANCH IF DF = 


3 


LBNF 


CB 


IF DF = 0. M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-*R(P) 


LONG BRANCH IF Q = 1 


3 


LBQ 


CI 


IFQ=1,M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-*R(P) 


LONG BRANCH IF Q = 


3 


LBNQ 


C9 


IF Q = 0. M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 
ELSE R(P)+2-R(P) 



^Thls instruction is associated with more than one mnemonic. 
•ETQ cleared by LOG, reset of CPU. or BCI • (CI = 1). 
01 = Counter Interrupt, XI = External Interrupt. 



Each mnemonic is individually listed. 
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Table I ~ INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


SKIP INSTRUCTIONS 


1 


SHORT SKIP (SEE NBR) 


2 


SKP 


38^ 


R(P)+1-R(P) 


LONG SKIP (SEE NLBR) 


3 


LSKP 


08^ 


R(P)+-*R(P) 


LONGSKIPIFD = 


3 


LSZ 


CE 


IF D = 0. R(P)+2--R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 


3 


LSNZ 


C6 


IFDNOTO, R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF= 1 


3 


LSDF 


OF 


IFDF=1,R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF DF = 


3 


LSNF 


C7 


IFDF^O, R(P)+2-R(P) 
ELSE CONTINUE 


L0NGSKIPIFQ = 1 


3 


LSQ 


CD 


IFQ = 1, R(P)+2-*R(P) 
ELSE CONTINUE 


LONG SKIP IFQ = 


3 


LSNQ 


C5 


IFQ = 0. R(P)+2-R(P) 
ELSE CONTINUE 


LONG SKIP IF IE = 1 


3 


LSIE 


CC 


IFIE = 1,R(P)+2-R(P) 
ELSE CONTINUE 


CONTROL INSTRUCTIONS | 


IDLE 


2 


IDL 


00^ 


STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 


NO OPERATION 


3 


NOP 


C4 


CONTINUE 


JSETP 


2 


SEP 


DN 


N-P 


SETX 


2 


SEX 


EN 


N-X 


SETQ 


2 


SEO 


7B 


1-*Q 


RESET 


2 


REQ 


7A 


0-Q 


PUSH X, P TO STACK 


2 


MARK 


79 


(X. P)-T; (X. P)-M(R(2)) 
THENP-X;R(2)-1-R(2) 


TIMER/COUNTER INSTRUCTIONS 


LOAD COUNTER 


3 


LDC 


6806* 


D-*COUNTER; 0-CI; (IF COUNTER 
IS STOPPED) 


GET COUNTER 


3 


GEO 


6808 


COUNTERED 


STOP COUNTER 


3 


STPC 


6800 


STOP COUNTER CLOCK; 
0-^32 PRESCALER 


DECREMENT TIMER/COUNTER 


3 


DTC 


6801 


COUNTER-1-COUNTER 


SET TIMER MODE AND START 


3 


STM 


6807 


TPA-^32-COUNTER CLOCK 


SET COUNTER MODE 1 AND START 


3 


SCM1 


6805 


EF1-*C0UNTER CLOCK 


SET COUNTER MODE 2 AND START 


3 


SCM2 


6803 


EF2-*COUNTER CLOCK 


SET PULSE WIDTH MODE 1 


3 


SPM1 


6804 


TPA.EF1-C0UNTER CLOCK; 


AND START 








EF1 / STOPS COUNT 


SET PULSE WIDTH MODE 2 


3 


SPM2 


6802 


TPA.EF2-C0UNTER CLOCK; 


AND START 








EF2 / STOPS COUNT 


ENABLE TOGGLE Q 


3 


ETQ 


6809' 


IF COUNTER = 01 • NEXT 
COUNTER CLOCK / : Q"-Q 



I 



^This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 

^An IDLE instruction initiates an 81 cy cle. A ll external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD is set to a logic '1 ' and the data bus floats. The processor will continue to IDLE until an I/O request 
(INTERRUPT. DMA-IN, or DMA-OUT)is activated. When the request is acknowledged, the IDLE cycle Is terminated and the I/O request is 
serviced, and then normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE must be enabled.) 

• ETQ cleared by LDC, reset of CPU or BCI • (CI = 1). 
CI = Counter Interrupt, XI = External Interrupt. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 





NO. OF 










MACHINE 




OP 




INSTRUCTION 


CYCLES 


MNEMONIC 


CODE 


OPERATION 


INTERRUPT CONTROL | 


EXTERNAL INTERRUPT ENABLE 


3 


XIE 


S80A 


1-XIE 


EXTERNAL INTERRUPT DISABLE 


3 


XID 


S80B 


0-XIE 


COUNTER INTERRUPT ENABLE 


3 


CIE 


S80C 


1-CIE 


COUNTER INTERRUPT DISABLE 


3 


CID 


S80D 


0-CIE 


RETURN 


2 


RET 


70 


M(R(X))-X, P; 
R(X)+1-R(X); 1-MIE 


DISABLE 


2 


DIS 


71 


M(R(X)-X, P; 
R(X)+1-*R(X);0-MIE 


SAVE 


2 


SAV 


78 


T-M(R(X)) 


SAVE T, D, DF 


S 


DSAV 


S87S" 


R(X)-1-R(X),T-M(R(X)), 
R(X)-1-*R(X), D-*M (R(X)), 
R(X)-1--R(X), SHIFT D 
RIGHT WITH CARRY, D-M(R(X)) 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 


2 


0UT1 


SI 


M(R(X))-BUS; R(X)+1-R(X); 
N LINES =1 


OUTPUT 2 


2 


OUT 2 


S2 


M(R(X))-*BUS: R(X)+1-R(X): 
N LINES = 2 


OUTPUT 3 


2 


OUT 3 


S3 


M(R(X))-BUS; R(X)+1-R(X): 
N LINES = 3 


OUTPUT 4 


2 


OUT 4 


S4 


M(R(X)HBUS; R(X)+1-R(X); 
N LINES = 4 


OUTPUT 5 


2 


OUTS 


6S 


M(R(X))-BUS; R(X)+1-R(X); 
N LINES = S 


OUTPUTS 


2 


OUTS 


6S 


M(R(X))-BUS: R(X)+1-*R(X); 
N LINES = 6 


OUTPUT 7 


2 


OUT 7 


67 


M(R(X))-*BUS; R{X)+1-*R(X); 
N LINES = 7 


INPUT 1 


2 


INP1 


69 


BUS-M(R(X)); BUS-D 
N LINES = 1 




INPUT 2 


2 


INP2 


6A 


BUS-M(R(X)); BUS-D 
N LINES = 2 




INPUTS 


2 


INP3 


6B 


BUS-M(R(X)); BUS-D 
N LINES = 3 




INPUT 4 


2 


INP4 


60 


BUS-M(R(X)); BUS-*D 
N LINES = 4 




INPUTS 


2 


INPS 


6D 


BUS-*M(R(X)); BUS-*D 
N LINES = S 




INPUTS 


2 


INPS 


6E 


BUS-M(R(X)); BUS-D 
N LINES = 6 




INPUT 7 


2 


INP7 


6F 


BUS-*M(R(X)); BUS-D 












N LINES = 7 1 


CALL AND RETURN | 


STANDARD CALL 


10 


SCAL 


688N" 


R(N).0-M(R(X)); 

R(N).1-M(R(X)-1): 

R(X)-2-R(X); R(P)-R(N); 

THENM(R(N))--R(P).1; 

M(R(N)+1)-R(P).0; 

R(N)+2-*R(N) 


STANDARD RETURN 


8 


SRET 


689N" 


R(N)-R(P); M(R(X)+1)-R(N).1; 

M(R(X)+2)-R(N).0; 

R(X)+2-*R(X) 



■previous contents of T register are destroyed during instruction execution. 
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NOTES FOR TABLE I 

1. Long-Branch, Long-Skip and No Op instructions 
require three cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can; 

a. Branch unconditionally 

b. Test for D=0 or Dt^O 

c. Test for DF=0 or DF=1 

d. TestforQ=0orQ=1 

e. Effect an unconditional no branch 

If the tested condition Is met, then branching takes 
place; the branching address bytes are loaded in the 
high-and-low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence is fetched and executed. This operation is 
taken for the case of unconditional no branch (NLBR). 

2. The short-branch instructions are two or three bytes 
long. The first byte specifies the condition to be tested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 

The short branch instruction can: 

a. Branch unconditionally 

b. Test for D=0 or Dt^O 

* c. Testfor DF=0orDF=1 

d. Test for Q=0 or Q=1 

e. Test the status (1 or 0) of the four EF flags 

f. Effec.t an unconditional no branch 

g. Test for counter or external interrupts (BCI, BXI) 

If the tested condition is met, then branching takes 
place; the branching address byte Is loaded into the 
low-order byte position of the current program counter. 
This effects a branch within the current 256-byte page 
of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instruction in 
sequence is fetched and executed. This same action is 
taken in the case of unconditional no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following It. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not con- 
sidered part of the program. 

The Long-Skip Instructions take three cycles to com- 
plete (1 fetch + 2 execute). 



They can: 

a. Skip unconditionally 

b. Test for D=0 or D?^0 

c. Test for DF=0 or DF=1 

d. TestforQ=0orQ=1 

e. Test for MIE=1 

If the tested condition is met, then Long Skip takes 
place; the current program cdunter Is incremented 
twice. Thus two bytes are skipped over and the next 
instruction In sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 
Execution is continued by fetching the next Instruction 
in sequence. 

4. Instruction 6800 through 68FF take a minimum of 3 
machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMAand INT 
requests are not serviced until the end of the last 
execute cycle. 

5. Arithmetic Operations: 

The arithmetic and shift operations are the only 
instructions that can alter the content cf DF. The syntax 
'(NOT DF)' denotes the subtraction of the borrow. 
Binary Operations: 
After an ADD Instruction — 

DF=1 denotes a carry has occurred. Result is 

greater than FFie. 

DF=0 denotes a carry has not occurred. 
After a SUBTRACT instruction — 

DF=1 denotes no borrow. D is a true positive 

number. 

DF=0 denotes a borrow. D is in two's complement 

form. 

Binary Coded Decimal Operations: 
After a BCD ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than 99io. 

DF=0 denotes a carry has not occurred. 
After a BCD SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
decimal number. 
(Example) 99 D 

-88 M(R(X)) 

11 D DF=1 

DF=0 denotes a borrow. D is in ten's complement 
form. 
(Example) 88 D 

-99^ M(R(X)) 

89 D DF=0 

89 is the ten's complement of 11, which is the 
correct answer (with a minus value denoted by 
DF=0). 



I 
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NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

2. ALL MEASUREMENTS AR£ REFERENCED TO 50</o POINT OF THE 
WAVEFORMS. 

3. SHADED AREAS INDICATED "DON'T CARE" OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 

•^ FOR THE CDPI805AC ONLY 
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Fig. 12 - Objective dynamic timing waveforms for CDP180SAC and CDP1806AC. 
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ISOO-Series Microprocessors and Microcomputers 



CDP1805AC, CDP1806AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85*»C, Cl = 50 pF, Vdd = 5 V, ±5%. 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1805AC, CDP1806AC 


Typ.* 


Max. 


Propagation Delay Times: 
Clock to TPA. TPB 


tpLH, tpHL 


150 


276 


ns 


Clock-to-Memory High-Address Byte 


tpLH, tpHL 


325 


550 


Clock-to-Memory Low-Address Byte 


tpLH, tpHL 


275 


450 


Clock to MRD 


tpLH, tpHL 


200 


325 


Clock to mW^ 


tpLH, tpHL 


150 


275 


Clock to (CPU DATA to BUS) 


tpLH, tpHL 


375 


625 


Clock to State Code 


tpLH, tpHL 


225 


400 


Clock to Q 


tpLH, tpHL 


250 


425 


Clock to N 


tpLH, tpHL 


250 


425 


Clock to Internal RAM Data to BUS 


tpLH, tpHL 


420 


650 


Minimum Set Up and Hold Times:* 
Data Bus Input Set-Up 


tsu 


-100 





ns 


Data Bus Input Hold 


tH 


125 


225 


DMA Set-UD 


tsu 


-75 





DMA Hold 


tH 


100 


175 


Tab Set-Up 


tsu 


-25 





K^Hold 


tH 


90 


150 


Interrupt Set-Up 


tsu 


-100 





Interrupt Hold 


tH 


100 


175 


WAIT Set-Up 


tsu 


20 


50 


EF1 -4 Set-Up 


tsu 


-125 





EF1-4Hold 


tH 


175 


300 


Minimum Pulse Width Times:" 


twL 


100 


175 


ns 


CLEAR Pulse Width 


CLOCK Pulse Width 


twL 


75 


125 



•Typical values are for Ta - 25** C and nominal Voo- 

■Maximum limits of minimum characteristics are the values above which all devices function. 

TIMING SPECIFICATIONS as a function of T (T = 1/fcLOCK) at Ta = -40 to +85'' C, Voo = 5 V, ±5%. 



I 



CHARACTERISTIC 


LIMITS 


UNITS 


COP1805AC, CDP1806AC 


Min. 


Typ.* 


High-Order Memory-Address Byte 
Set-Up to TPA ^ Time Tsu 


2T-275 


2T-175 


ns 


High-Order Memory-Address Byte 
Hold after TPA Time U 


T/2-50 


T/2-15 


Low-Order Memory-Address Byte 
Hold after WR Time tw 


T+0 


T+100 


CPU Data to Bus Hold 
after WR Time in 


T-200 


T-100 


Required Memory Access Time 
Address to Data tAcc 


4.5T-400 


4.5T-175 



•Typical values are for Ta = 25** C and nominal Vdd. 
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RCA CMOS LSI Products 



CDP1805AC, CDP1806AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 



STATE 


1 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 




N 
LINES 


MWR 


S1 


RESET 


0--Q.I,N, COUNTER 

PRESCALER. OIL; 

1-CIE. XIE 


00 


UNDEFINED 


1 


1 





INITIALIZE 

NOT PROGRAMMER 

ACCESSIBLE 


X, P-T THEN 
0-X, P;1-MIE,0000-*R0 


00^ 


UNDEFINED 


1 


1 





SO 




FETCH 


MRP-1, N;RP+1--RP 


MRP 


RP 





1 





S1 








IDL 


STOP AT TPB 
WAIT FOR DMA OR INT 


FLOAT 


RO 


1 


1 








1-F 


LDN 


MRN-D 


MRN 


RN 





1 





1 


0-F 


INC 


RN+1-RN 


FLOAT 


RN 


1 


1 





2 


0-F 


DEC 


RN-1-RN 


FLOAT 


RN 


1 


1 





3 


0-F 


SHORT 
BRANCH 


TAKEN: MRP-RP.O 
NOT TAKEN: RP+1-RP 


MRP 


RP 





1 





4 


0-F 


LDA 


MRN-D; RN+1-RN 


MRN 


RN 





1 





5 


0-F 


STR 


D-MRN 


D 


RN 


1 








6 





IRX 


RX+1-RX 


MRX 


RX 


1 


1 





6 


1 
2 
3 
4 
6 
6 
7 


OUT1 
OUT 2 
OUT 3 
OUT 4 
OUTS 
OUT 6 
OUT 7 


MRX-*BUS;RX+1-RX 


MRX 


RX 





1 


1 

2 
3 
4 
5 
6 
7 


9 
A 
B 
C 
D 
E 
F 


INP1 
INP2 
INP3 
INP4 
INP5 
INP6 
INP7 


BUS-MRX, D 


DATA 
FROM 

I/O 
DEVICE 


RX 


1 





1 
2 
3 
4 
5 
6 
7 




7 





RET 


MRX-*X,P;RX+1-*RX 
1-MIE 


MRX 


RX 





1 





1 


DIS 


MRX-*X,P;RX+1-RX 
0-MIE 


MRX 


RX 





1 





2 


LDXA 


MRX--D; RX+1-RX 


MRX 


RX 





1 





3 


STXD 


D-MRX;RX-1--RX 


D 


RX 


1 








4 


ADC 


MRX+D+DF-DF. D 


MRX 


RX 





1 





5 


SDB 


MRX-D-DFN-DF, D 


MRX 


RX 





1 





6 


SHRC 


LSB(D)-DF; DF-MSB(D) 


FLOAT 


RX 


1 


1 





7 


SMB 


D-MRX--DFN-DF, D 


MRX 


RX 





1 





8 


SAV 


T-MRX 


T 


RX 


1 








9 


MARK 


X,P-T. MR2; P-*X 
R2-1-R2 


T 


R2 


1 








A 


REQ 


O^Q 


FLOAT 


RP 


1 


1 





B 


SEQ 


1-Q 


FLOAT 


RP 


1 


1 





C 


ADC1 


MRP+D+DF-DF, D; RP+1 


MRP 


RP 





1 





D 


SDB1 


MRP-D-DFN-*DF, D; RP+1 


MRP 


RP 





1 





E 


SHLC 


MSB(DHDF; DF-LSB(D) 


FLOAT 


RP 


1 


1 





F 


SMB1 


D-MRP-DFN-DF, D; RP+1 


MRP 


RP 





1 





8 


0-F 


GLO 


RN.O-D 


RN.O 


RN 


1 


1 





9 


0-F 


GHI 


RN.1-D 


RN.1 


RN 


1 


1 





A 


0-F 


PLO 


D-RN.O 


D 


RN 


1 


1 





B 


0-F 


PHI 


D-RN.1 


D 


RN 


1 


1 






A = Data bus floats for first 2-1/2 clocks of the 9 clock initialization cycle; all zeros for remainder of cycle. 
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1800-Series Microprocessors and Microcomputers 



CDP1805AC, CDP1806AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 



STATE 


, 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


iiiRD 


MWR 


N 
LINES 


S1#1 


C 


0-3, 
8-B 


LONG 
BRANCH 


TAKEN: MRP-B; RP+1-RP 


MRP 


RP 





1 





#2 


TAKEN:B-RP.1 :MRP-RP.O 


M(RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN RP+1-RP 


MRP 


RP 





1 





#2 


NOT TAKEN: RP+1-RP 


M(RP+1) 


RP+1 





1 





S1#1 


5 
6 

7 

D 

E 
F 


LONG 
SKIP 


TAKEN: RP+1-RP 


MRP 


RP 





1 





#2 


TAKEN: RP+1-RP 


M(RP+1) 


RP+1 





1 





S1#1 


NOT TAKEN: NO 
OPERATION 


MRP 


RP 





1 





#2 


NOT TAKEN: NO 
OPERATION 


.M(RP+1) 


RP+1 





1 





S1#1 


4 


NOP 


NO OPERATION 


MRP 


RP 





1 





#2 


NO OPERATION 


M(RP+1) 


RP+1 





1 





S1 


D 


0-F 


SEP 


N-P 


NN 


RN 


1 


1 





E 


0-F 


SEX 


N-X 


NN 


RN 


1 


1 





F 





LDX 


MRX-D 


MRX 


RX 





1 





1 
2 
3 
4 
5 
7 


OR 
AND 
XOR 
ADD 
SD 
SM 


MRX OR D-D 
MRX AND D-D 
MRX XOR D-D 
MRX+D-DF. D 
MRX-D-DF, D 
D-MRX-DF; D 


MRX 


RX 





1 





6 


SHR 


LSB(D)-DF; O-MSB(D) 


FLOAT 


RX 


1 


1 





I 

A 
B 
C 
D 
F 


LDI 
ORI 
ANI 
XRI 
ADI 
SDI 
SMI 


MRP-D;RP+1-RP 
MRP OR D-D; RP+1-RP 
MRP AND D-D; RP+1-RP 
MRPX0RD-D;RP+1-RP 
MRP+D-DF, D; RP+1-RP 
MRP-D-DF, D;RP+1-RP 
D-MRP-DF. D;RP+1-RP 


MRP 


RP 





1 





E 


SHL 


MSB(D)-DF;0-LSB(D) 


FLOAT 


RP 


1 


1 





S2 


DMA IN 


BUS-MR0;R0+1-R0 


DATA FROM 
I/O DEVICE 


RO 


1 








DMA OUT 


MRO-BUS; R0+1-R0 


MRO 


RO 





1 





S3 


INTERRUPT 


X,P-T; 0-MIE 
1-P;2-X 


FLOAT 


RN 


1 


1 






I 
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RCA CMOS LSI Products 



CDP1805AC, CDP1806AC 

TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 



STATE 



MNEMONIC 



OPERATION 



DATA 
BUS 



MEMORY 
ADDRESS 



MRD 



MWR 



N 
LINES 



"68' 



THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 



S1 



STPC 



DTC 



SPM2 



SCM2 



SPM1 



SCM1 



LDC 



STM 



GEC 



ETQ 



XIE 



XID 



CIE 



CID 



STOP COUNTER CLOCK: 
0—^32 PRESCALER 



CNTR-1-rCNTR 



CNTR-1 ON EF2 ANd TPA 



CNTR-1 ONEF2 0TO1 



CNTR-1 ON EF1 AND TPA 



CNTR-1 ON EF1 TO 1 



D-*CNTR;0-*CIL 
(IF CNTR IS STOPPED) 



CNTR-1 ON TPA-^32 



CNTR-D 



IF CNTR THRU 0:Q-Q 



1-*XIE 



0-XIE 



1-CIE 



0-CIE 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



CNTR 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



FLOAT 



RO 



R1 



R2 



R3 



R4 



R5 



R6 



R7 



R8 



R9 



RA 



RB 



RC 



RD 



S1#1 



#2 



#3 



RN-1-RN 



FLOAT 



RN 



MRP-B; RP+1-RP 



MRP 



RP 



0-F 



DBNZ 



TAKEN: B-RP.1; MRP- 

RP.O NOT TAKEN: 
RP-^1-RP 



M(RP+1) 



RP+1 



SI 



BCf 



TAKEN: MRP-RP.O; 

0-CI 

NOT TAKEN: RP+1-RP 



MRP 



RP 



BXI 



TAKEN: MRP-RP.O 
NOT TAKEN: RP+1-RP 



MRP 



RP 



S1#1 



#2 



#3 



MRX-B, RX+1-RX 



MRX 



RX 



0-F 



RLXA 



B-T;MRX-B;RX-H-RX 



M(RX-H) 



RX+1 



B. T-RN.O. RN.1 



FLOAT 



RN 



S1#1 



#2 



DADC 



MRX+D-HDF-DF. D 



MRX 



RX 



DECIMAL ADJUST->DF. D 



FLOAT 



RP 



S1#1 



#2 



#3 



#4 



RX-1-RX 



FLOAT 



RX 



T-*MRX;RX-1--RX 



RX-1 



DSAV 



D-*MRX;RX-1-RX 

SHIFT D RIGHT WITH 

CARRY 



RX-2 



D-MRX 



RX-3 



S1#1 



#2 



DSMB 



D-MRX-(NOT DF)-DF. D 



MRX 



RX 



DECIMAL ADJUST-DF, D 



FLOAT 



RP 



S1#1 



#2 



DACI 



MRP+D+DF-DF, D; 
RP-H-RP 



MRP 



RP 



DECIMAL ADJUST-*DF,D 



FLOAT 



RP+1 



S1#1 



#2 



DSBI 



D-MRP-(NOT DF)-DF, D; 
RP+1-RP 



MRP 



RP 



DECIMAL ADJUST-DF, D 



FLOAT 



RP+1 



S1#1 



#2 



#3 



#4 



#5 



#6 



#7 



#8 



RN.O, RN.1-T, B 



FLOAT 



RN 



T--MRX;RX-1-*RX 



RN.O 



RX 



B-MRX. RX-1-RX 



RN.1 



RX-1 



0-F 



SCAL 



RP.O. RP.1-T. B 



FLOAT 



RP 



B. T-*RN.1.RN.O 



FLOAT 



RN 



MRN-B;RN+1-RN 



MRP 



RP 



B-T; MRN-*B; RN+1-RN 



M(RP+1) 



RP+1 



B, T-RP.O, RP.1 



FLOAT 



RP 
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ISOO-Series Microprocessors and Microcomputers 



CDP1805AC, CDP1806AC 

TABLE IL CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 



STATE 


, 


N 


MNEMONIC 


OPERATION 


DATA 
BUS 


MEMORY 
ADDRESS 


MRD 




N 
LINES 


MWR 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"68" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


S1#1 


9 


0-F 


SRET 


RN.O. RN.1-*T. B 


FLOAT 


RN 


1 







#2 


RX+1--RX 


FLOAT 


RX 


1 







#3 


B.T-RP.1,RP.O 


FLOAT 


RP 


1 







#4 


MRX-B:RX+1-RX 


M(RX+1) 


RX+1 










#6 


B-T; MRX-B 


M(RX+1) 


RX+2 










#6 


B. T-RN.O, RN.1 


FLOAT 


RN 


1 







S1#1 


A 


0-F 


RSXD 


RN.O, RN.1-T, B 


FLOAT 


RN 


1 







#2 


T-MRX; RX-1-RX 


RN.O 


RX 


1 








#3 


B-MRX; RX-1-RX 


RN.1 


RX-1 


1 








S1#1 

#2 


B 


0-F 


RNX 


RN.O. RN.1--T. B 


FLOAT 


RN 


1 


1 





B, T-RX.1.RX.0 


FLOAT 


RX 


1 


1 


p 


S1#1 


C 


0-F 


RLDI 


MRP-*B: RP+1-RP 


MRP 


RP 





1 





#2 


B-T;MRP-B;RP+1-RP 


M(RP+1) 


RP+1 










#3 


B.T-RN.O, RN.1;RP+1-RP 


FLOAT 


RN 


1 







S1#1 


F 


4 


DADD 


MRX+D-^DF. D 


MRX 


RX 










#2 


DECIMAL ADJUST-DF, D 


FLOAT 


RP 


1 







S1#1 

#2 


F 


7 


DSM 


D-MRX--DF, D 


MRX 


RX 










DECIMAL ADJUST-DF, D 


FLOAT 


RP 


1 







S1#1 


F 


C 


DADI 


MRP+D-DF, D; 
RP+1-RP 


MRP 


RP 










#2 


DECIMAL ADJUST-DF.D 


FLOAT 


RP+1 


1 







S1#1 


F 


F 


DSMI 


D-MRP-DF, D 
RP+1-*RP 


MRP 


RP 










#2 


DECIMAL ADJUST-DF. D 


FLOAT 


RP+1 


1 








I 
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RCA CMOS LSI Products 



1800-Series Microprocessors and Microcomputers 



CDP1805AC, CDP1806AC 



Instruction Summary 
N 








1 1 2 1 3 


4 1 


5 


1 6 1 


7 1 8 


9 


A 


B 


' C 1 D 


1 E 1 F 1 





IDL 


LDN 1 


1 


INC 


2 


DEC 


3 


BR 


BQ 1 BZ 1 BDF 


B1 1 


B2 


I B3 1 


B4 1 SKP 


bnq 


BNZ 


BNF 


BN1 1 BN2 


1 BN3 1 BN4 1 


4 


LDA 


5 


STR 


6 


IRX 


OUT 


* 


INP 1 


7 


RET 


Dis IldxaIstxd 


ADC 1 


SDB 


ISHRC 


SMB 


SAV 


MARK 


REQ 


SEQ 


ADCI 1 SDBI 


ISHLClSMBll 


8 


GLO 


9 


GHI 


A 


PLC 


B 


PHI 


C 


LBR 


lbqI lbz Ilbdf 


NOP 1 


LSNQ 


IlsnzI 


LSNF 1 LSKP 


LBNQ 


LBNZ 


LBNF 


LSIE 1 LSQ 


1 LSZ 1 LSDFI 


D 


SEP 


E 


SEX 


F 


LDX 


OR IandIxor 


ADD i 


SD 


1 SHR i 


SM 1 LDI 


ORI 


ANI 


XRI 


1 ADI 1 SDI 


1 SHL 1 SMI 1 




'68' LINKED OPCODES (DOUBLE FETCH) 





STPC 


DTC|SPM2|SCM2|SPM1 \ 


SCM1 


1 LDC 


STM 1 GEO 


ETC 


XIE 


XID 


1 CIE 1 CID 


1 - 1 - ! 


2 


DBNZ 


3 


_|-.|_|_|^|_ |_|^|^ |^|^|_|^|^|BCllBXI 


6 


RLXA 


7 


— 


,-J„- - 


DADCl 





Idsav 


dsmbI - 








- 


IdaciI - 


L - IdsbiI 


8 


SCAL 


9 


SRET 


A 


RSXD 


B 


RNX 


C 


RLDI 


F 


_ 


_ 1 ^ 1 _ 


dadd! 


— 




DSM 1 - 




— 




1 DADI 1 — 


1 — IdsmiI 



•68' IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 



IMPORTANT NOTICE 

Early versions of the CDP1805AC and CDP1806AC (with NLBJ5, NLBT5, or NR appearing in the bottom brand) fully 
execute all CDP1802 family, CDP1805C, and CDP1806C instructions, plus the additional eight BCD arithmetic 
instructions and the new DBNZ Instruction described in the CDP1805AC, CDP1806AC data sheet. They do not, however, 
execute the new DSAV instruction. 
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1800-Series Memories 
Technical Data 
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RCA CMOS LSI Products 



CDP1821,CDP1821C 









c? — 


!• ^ Ifi 


— VOD 


MAO 


2 IS 


— Dl 


MAI 


3 14 


-- RD/WR 


MA2 


4 13 


— MA9 


MA3 — 


S 12 


-— MAS 


MA4 — 


a M 


— MA7 


00 — 


7 10 


— MA6 


Vss - 


a 9 


— MAS 




TOP VIEW 




92CS-Z7'598RI 


Terminal Asaianmant 



1024- Word x 1-Blt Static 
Random-Access Memory 

Features: 

■ No precharge or external clocks 
required 

■ Separate data inputs and outputs 

■ Fast access time: 
250 ns at Vdd = 5 V 
125 nsat Vdd = 10 V 



The RCA-CDP1821 and CDP1821C are 
1024-word x 1-bit CMOS silicon-on-sap- 
phire (SOS), fully static, random-access 
memories for use in general-purpose mi- 
croprocessor systems. 
The output state of the CDP1821 and 
CDP1821C is a function of the input address 
and chip-select states only. Valid data will 
appear at the output in one access time 
following the latest address change to a 
selected chip. After valid data appears, the 
address may then be changed immediately. 
It Is not necessary to clock the chip-select 
input or any other input terminal for fully 
static operation; therefore, the chip-select 
input may be used as an additional address 
input. When the device is In an unselected 



state (08=' 1), the internal write circuitry and 
output sense amplifier are disabled. This fea- 
ture allows the three-state data outputs from 
many arrays to be OR-tied to a comnrion bus 
for ease of memory expansion. 

The CDP1821 and CDP1821C are function- 
ally identical. They differ in that the CDP 1821 
has a recommended operating voltage range 
of 4-10.5 volts, and the CDP1821C, a 
recommended operating voltage range of 
4-6.5 volts. 

The CDP1821 and CDP1821C types are sup- 
plied in a 16-iead hermetic dual-in-line side- 
brazed ceramic package (D Suffix) and in a 
16-lead dual-in-line plastic package (E Suf- 
fix). 



OPERATIONAL MODES 



MODE 


INPUTS 


OUTPUT 


READ/ 

WRITE 

R/W 


CHIP- 
SELECT 
CS 


DATA 

OUTPUT 

DO 


Standby 


X 


1 


High Impedance 


Write 








High Impedance 


Read 


1 





Contents of 
Addressed Cell 



X = DON'T CARE 



LOGIC 1 sHIGH 
LOGIC = LOW 
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1800-Series Memories 



CDP1821, CDP1821C 



OPERATING CONDITIONS at T/^ = Full Package Temperature Range 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1821 


CDP1821C 


'Min. 


Max. 


Min. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


vss 


VOD 


Vss 


Vdd 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd): 
(All voltage values referenced to Vss terminal) 

CDP1821 -0.5 to + 11 V 

CDP1821C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60''C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85''C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to + 100°C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to + 125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125*'C 

PACKAGE TYPE E -40 to +85*' C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ±0.79 mm) from case for 10 s max + 265''C 



STATIC ELECTRICAL CHARACTERISTICS at T, 


= -40to + 85°C, 


Except as noted 


CHARACTERISTICS 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1821 


CDP1821C 


Min. 


Typ* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, Idd 


— 


0,5 
0,10 


5 
10 


— 


50 


500 
1000 


— 


50 


500 


M 


Output Voltage: 
Low-Level, Vol 


I 


0,5 
0,10 


5 
10 


— 






0.1 
0.1 


— 





0.1 


V 


High-Level, Voh 


— 


0,5 
0,10 


5 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— 


Input Low Voltage, Vil 


0.5,4.5 
0.5,9.5 


— 


5 
10 


— 


— 


1.5 
3 


— 


-- 


1.5 


Input High Voltage, Vih 


0.5,4.5 
0.5,9.5 


— 


5 
10 


3.5 

7 


— 


— 


3.5 


— 


I 


Output Low (Sink) 
Current, Iol 


0.4 
0.5 


0,5 
0.10 


5 
10 


2 
4 


4 
8 


— 


2 


4 


I 


mA 


Output High (Source) 
Current, Ioh 


4.6 
9.5 


0,5 
0,10 


5 
10 


-1 
-2 


-2 
-4 


I 


-1 


-2 


— 


Input Current, Iin 


— 


0,5 
0,10 


5 
10 


— 


— 


±5 
±10 


— 


— 


±5 


/"A 


3-State Output 
Leakage Current, Iout 


0,5 
0,10 


0,5 
0,10 


5 
10 


I 


I 


±5 
±10 


I 


I 


±5 


Operating Currentlooit 


-~ 


0,5 
0,10 


5 
10 


— 


2 
4 


4 
8 


— 


2 


4 


mA 


Input Capacitance, Cin 


^ 


— 


-> 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance, 

CoUT 


— 





— 





10 


15 


— 


10 


15 



fOutputs open circuited; cycle time = 1 fjs. 



*Typical values are for Ta = 25** C and nominal Voo. 
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RCA CMOS LSI Products 



CDP1821,CDP1821C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85<>C, VpD ±5% 
tptf = 20 ns, V|H = 0.7 Vqq, \/|l = 0.3 VdD' ^l = 100 pF 



CHARACTERISTIC 



Vdd 

(V) 



LIMITS 



CDP1821 



Min.t 



Typ.* 



Max. 



CDP1821C 



Min.t 



Typ.* 



Read Cycle 



*Typical values are for T^ 
tTime required by a limit 



= 250c and nominal voltages, 
device to allow for the indicated function. 



Max. 



UNITS 



Data Access t^^ 


5 


- 


125 


250 


- 


125 


250 


ns 


10 


- 


75 


125 


- 


- 


- 


Read Cycle tpQ 


5 


250. 


- 


- 


250 


- 


- 


10 


125 


~ 


- 


- 


- 


- 


Output Enable tpQA 


5 


- 


50 


75 


- 


50 


75 


10 


- 


25 


40 


- 


- 


- 


Output Disable t DOH 


5 


— 


50 


75 


- 


50 


75 


10 


- 


25 


40 


- 


- 


- 


Read/Write ,^^^ 
Setup Time 


5 


75 


- 


- 


75 


- 


- 


10 


50 


~ 


- 


- 


- 


- 




5 


75 


— 


— 


75 


- 


- 


Read/Write ,^^^ 
Hold Time 


10 


50 


- 


- 


- 


- 


- 






k 



R/W /^ L 

(NOTE S)///**"!" 



DATA OUT 

(NOTE 5) 



\*- *DOA -*' 



■i 



-.(NOTE 2) 



\77. 



T 
•rwh 



7777, 



(NOTE < 



:<: 



DATA OUT 
VALID 



HIGH 



92CS< 31971 Rl 



Note 1 Chip-Select (OS) permitted 
to change from high to low 
level or remain low on a 
selected device. 

Note 2 Chip-Seiect (CS) permitted 
to change from low to high 
level or remain low. 



Note 3 Read/Write (R/W) must be 
at a high level during all 
address transitions. 

Note 4 Don't care. 

Note 5 Data-Out (DO) is a high im- 
pedance within tDiS "« a^«r 
the falling edge of^ R/W or 
the rising edge of CS. 



Fig. 1 - Read-cycle timing diagram. 
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1800-Series Memories 



CDP1821,CDP1821C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +BS^C, Vqd ±5% 
tptf = 20 ns, V|H = 0.7 Vdq, V|L = 0.3 Vpp, Cl = 100 pF 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1821 


CDP1821C 


Min.t 


Typ.* 


Max. 


Min.t 


Typ.* 


Max. 



Write Cycle 



Write Cycle t^Q 


5 


275 


— 


— 


275 


— 


— 


ns 


10 


175 


- 


- 


- 


- 


- 


Address Setup 
Time t^5 


5 


75 


- 


- 


75 


- 


- 


10 


50 


- 


— 


- 


- 


- 


Write 
Recovery t^^p 


5 


75 


- 


- 


75 


- 


- 


10 


50 


— 


_ 


_ 


_ 


_ 


Input Data Setup 
Time tQs 


5 


100 


_ 


_ 


100 


_ 


_ 


10 


75 


- 


- 


- 


- 


- 


Input Data Hold 
Time tpH 


5 


75 


— 


— 


75 


— 


— 


10 


50 


- 


- 


- 


- 


- 


Read/Write Pulse 
Width Low tyypy^ 


5 


125 


_ 


_ 


125 


_ 


_ 


10 


75 


- 




- 


- 


- 



*Typical values are for T^ = 25°C and nominal voltages. 

tTinne required by a limit device to allow for the indicated function. 



I 



CS /(NOTE 




R/W » ^ ^ 

(NOTE 3) AS -»i 



WRITE-CYCLE 



92CS-3I972RI 



Note 1 Chip-Select (CS) permitted 
to change from high to low 
level or remain low on a 
selected device. 



Note 2 Chip-Select (CS) permitted 
to change from low to high 
level or remain low. 

Note 3 Don't care. 



F\g. 2 - Write cycle timing diagram 
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RCA CMOS LSI Products 



CDP1821, CDP1821C 

DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C; see Fig. 3 



CHARACTERISTrC 


TEST 
CONDI- 


LIMITS 


UNITS 


TIONS 


CDP1822 


CDP1822C 


Vdr 
(V) 


Vdd 
(V) 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Min. Data Retention 
Voltage, Vdr 


— 


— 


— 


1.5 


2 


— 


1.5 


2 


V 


Data Retention Quiescent 
Current, Idd 


2 


— 


— 


30 


100 


— 


30 


100 


//A 


Chip Deselect to Data 
Retention Time, tcoR 


— 


5 
10 


600 
300 


— 


: 


600 


— 


— 


ns 


Recovery to Normal 
Operation Time, tpc 


— 


5 
10 


600 
300 


— 


I 


600 


I 


I 


Vdd to Vdr Rise and 
Fall Time tr,t, 


2 


5 


1 




— 


1 


— 


— 


fJS 



*Typical values are for Ta = 25° and nominal Vdd. 



Vdd 



cs 

V|H 



ViLy 



-DATA RETENTION - 
MODE 



K 



.95 Vdd 



M<* 



0.95 Vdd -^ 



■ *RC 



V-N'^'mS 92CS-3III4 

Fig. 3 - Low 1/dd data retention waveforms and timing diagram. 



MA0-MA3 
—* CLOCK C 



X" 



"^N MAS 

MA9 



MA8 I 
MA9 



f 



'J' MAO-7 



MA8 ^ 
MA9 I 

CS 2 



MAS ^ 
MAS I 



Fig. 4 - 4K byte RAM system using tine CDP1859, CDP1856, and CDP1821. 
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1800-Series Memories 



CDP1821,CDP1821C 



c§0- 

R/WO- 



-^ 



T^H>fcifr^7rrt 



CS R/WA4 











16X32 
CELL ARRAY 




W II 









' 1 — V 

Rowo I I y^ 



COLUMN BUFFERS 



A5 

A90 

DIO 



-^>t^rf 



ROW 



:SohI 



I QA' 



CS R/w-CTI 

X J 



COLUMN BUFFERS 



^ 











16x32 
CELL ARRAY 











M^^ut>N 



^'9'. 5 - Functional block diagram. 



I 



OPERATING AND HANDLiNG 
CONSIDERATIONS 

1. Handling 

All Inputs and outputs of RCA CMOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described in ICAN-6525 
"Guide to Better Handling and Opera- 
tion of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 



these conditions must not cause Vdd-Vss 
to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protec- 
tion circuit. Input signals should never 
be greater than Vdd nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Vdd or 
Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss may 
damage CMOS devices by exceeding 
the maximum device dissipation. 
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RCA CMOS LSI Products 



CDP1822, CDP1822C 



A3 — 


r ^ 22 


^-VoD 


A2 — 


2 21 


— A4 


At — 


3 20 


— R/W 


AO — 


4 19 


— ^ 


A5 — 


5 18 


— O.D. 


A6 


6 17 


— CS2 


A7 


7 16 


— D04 


vss— 


8 15 


-— 014 


Oil 


9 14 


— 003 


DO! — 


10 13 


— 013 


012 — 


M 12 


— 002 




TOP VIEW 




92CS -29976 Rl 


CDP1822, COP1822C 


TERMINAL ASSIGNMENTS 



The RCA-CDP1822 and CDP1822C are 
256-word by 4-bit static random-access 
memories designed for use in memory sys- 
tems where high speed, low operating cur- 
rent, and simplicity in use are desirable. 
The CDP1822 features high speed and a 
wide operating voltage range. Both types 
have separate data Inputs and outputs and 
utilize single power supplies of 4 to6.5 volts 
for the CDP1 8220 and 4 to 1 0.5 volts for the 
CDP1822. 



256-Word by 4-Bit LSI Static 
Random-Access Memory 

Features: 

■ Low operating current — 8 mA 

at 1/dd = 5 V and cycle time = 1 fjs 

■ Industry standard pinout 

■ Two Chip-Select inputs — simple 
memory expansion 

■ Memory retention for standby battery 
voltage of 2 V min. 

■ Output-Disable for common I/O 
systems 

• 3-State data output for bus-oriented 
systems 

■ Separate data inputs and outputs 

operation independent of the Chip-Select 
input condition. The output assumes a 
high-impedance state when the Output 
Disable is at hi gh l evel or when the chip is 
deselected by CSl and/or 082. 

The high noise Immunity of the CMOS 
technology is preserved in this design. For 
TTL interfacing at 5-V operation, excellent 
system noise margin is preserved by using 
an external pull-up resistor at each Input. 



Two Chip-Select inputs are provided to 
simplify system expansion. An Output Dis- 
able control provides Wire-OR capability 
and is also useful in common Input/Output 
systems. The Output Disable input allows 
these RAMs to be used in common data 
Input/Output systems by forcing the output 
into a high-impedance state during a write 



The ODP1822 and CDP1822C types are 
supplied in 22-lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix), in 
22-lead dual-in-line plastic packages (E 
suffix). The CDP18220 is also available in 
chip form (suffix H). 



OPERATIONAL MODES 



MODE 


INPUTS 


OUTPUT 


Chip 

Select 1 

CSi 


Chip 
Select 2 

CS2 


Output 

Disable 

OD 


Read/ 
Write 
R/W 


Read 





1 





1 


Read 


Write 





1 








Data In 


Write 





1 


1 





High Impedance 


Standby 


1 


X 


X 


X 


High Impedance 


Standby 


X 





X 


X 


High Impedance 


Output Disable 


X 


X 


1 


X 


High Impedance 



Logic 1 = High 



Logic = Low 



X = Don't Care 
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1800-Serie$ Memories 



CDP1822, CDP1822C 

RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1822 


CDP1822C 


Min. 


Max. 


Min. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.6 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



MAXIMUM RATINGS, Absolute-Maximum Values- 
DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP1822 -0.5 to + 1 1 V 

CDP1822C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60''C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mWrC to 200 mW 

For Ta = -55 to + lOO^C (PACKAGE TYPE D) 500 mW 

ForTA = +100 to +125*^0 (PACKAGE TYPE D) Derate Linearly at 12 mW/°Cto200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125'*C 

PACKAGE TYPE E -40 to +85*'C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to + 150^0 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265°C 

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to + 85° C, Except as noted 



CHARACTERISTICS 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1822 


CDP1822C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device — 
Current, bo 


— 


0,5 
0,10 


5 
10 


— 


— 


500 
1000 


— 


— 


500 


M 


Output Voltage: 

Low-Level, Vol 


— 


0,5 
0,10 


5 
10 


— 






0.1 
0.1 


— • 





0.1 


V 


High-Level, Vqh 


— 


0,5 
0,10 


5 
10 


4.9 
9.9 


5 
10 


I 


4.9 


5 


I 


Input Low Voltage, Vil 


0.5,4.5 
0.5,9.5 





5 
10 


— 





1.5 
3 








1.5 


Input High Voltage, Vm 


0.5,4.5 
0.5,9.5 


— 


5 
10 


3.5 
7 







3.5 


— 




Output Low (Sink) 
Current, Iol 


0.4 
0.5 


0,5 
0,10 


5 
10 


2 
4.5 


4 
9 


I 


2 


4 


— 


mA 


Output High (Source) 
Current, Ioh 


4.6 
9.5 


0,5 
0,10 


5 
10 


-1 
-2.2 


-2 
-4.4 


— 


-1 


-2 


— 


Input Current, \m 





0,5 
0,10 


5 
10 








±5 
±10 








±5 


M 


3-State Output 
Leakage Current, Iqut 


0,5 
0,10 


0,5 
0,10 


5 
10 




— 


±5 
±10 


— 


I 


±5 


Operating CurrentJooit 


— 


0,5 
0,10 


5 
10 




4 
8 


8 
16 


— 


4 


8 


nfiA 


Input Capacitance, Cin 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance, 

CoUT 


— 





— 





10 


15 





10 


15 



fOutputs open circuited; cycle time = 1 jjs. *Typical values are for Ta = 25° C and nominal Vdd. 
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RCA CMOS LSI Products 



CDP1822, CDP1822C 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85'' C 
Input tr.tf = 20 ns, Vih = 0.7 Vdd. V,l = 0.3 Vdd. Cl = 100 pF 


:. Vdd ±5%, 




CHARACTERISTIC 


Vdd 
(V) 


CDP1822 


CDP1822C 


UNITS 


MIn.t Typ.* Max. 


MIn.t Typ.* Max. 


Read Cycle Times (Fig. 1) | 


Read Cycle tRc 


5 
10 


450 
250 





_— 


450 








ns 


Access from 
Address Iaa 


6 
10 




250 
150 


450 
250 


— 


250 


450 


Output Valid from 
Chip-Select 1 tooAi 


5 
10 


— 


250 
150 


450 
250 


— 


250 


450 


Output Valid from 
Chip-Select 2 tDOA2 


5 
10 


— 


250 
150 


450 
260 


I 


250 


450 


Output Active from 
Output Disable tooAs 


5 
10 


— 


: 


200 
110 


I 


— 


200 


Output Hold from 
Chip-Select 1 tooHi 


5 
10 


20 
20 


— 


— 


20 


— 


— 


Output Hold from 
Chip-Select 2 tD0H2 


5 
10 


20 
20 


— 


— 


20 


— 


— 


Output Hold from 
Output Disable tooHs 


5 
10 


20 
20 








20 









fTime required by a limit device to allow for Indicated function. 
'Typical values are for Ta = 25" C and nominal Vdd. 









'rc 










A0-A7 ) 


i y 












' 


CHIP SELECT 1 ^ 


^ 


'doai * 




/-•BoH-r 




CHIP SELECT 2 










I 


♦ - ^ 




\. 








■ UUAii • ^ 




X~'D0H2* 










OUTPUT DISABLE 




V-- - 'D0A3- *■ 


/ 


*~^D0H3 *' 
















READ/WRITE J/t 












'AA 




nATA niiT 




DATA OUT \ 






IMF 


HIGH 
>EDANCE 


VALID /\ HIGH 

IMPEDANCE 



92CM-30244R4 



F/g. 7 - Read cycle timing waveforms. 
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1800-Serles Memories 



CDP1822, CDP1822C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85*' C, Vdd ±5%, 
Input t„tf = 20 ns, V,h = 0.7 Vdd, Vil = 0.3 Vdd. Cl = 100 pF 



CHARACTERISTIC 


Vdd 


CDP1822 


CDP1822C 


UNITS 


(V) 


Mln.f Typ.H Max. 


Min.tlTyp.* Max. 


Write Cycle Times (Fig. 2) | 


Write Cycle twc 


5 
10 


500 
300 


— 


— 


500 


— 


— 


ns 


Address Setup Us 


5 
10 


200 
110 


— 


— 


200 


— 


— 


Write Recovery twR 


5 
10 


50 
40 


— 


— 


50 


— 


— 


Write Width twRw 


5 
10 


250 
150 


— 


— 


250 


— 


— 


Input Data 
Setup Time tos 


5 
10 


250 
150 


— 


— 


250 


— 


— 


Data In Hold 

toH 


5 
10 


50 
40 


— 


— 


50 


— 


— 


Chip-Select 1 
Setup tcsis 


5 
10 


200 
110 


— 


— 


200 


— 


— 


Chip-Select 2 
Setup tcs2s 


5 
10 


200 
110 


I 


I 


200 


I 


I 


Hold tcsiH 


5 
10 






— 


— 






— 


— 


Chip-Select 2 

Hold tcS2H 


5 
10 






— 


— 






— 


— 


Output Disable 
Setup toDs 


5 
10 


200 
110 


— 


— 


200 


— 


— 



I 



fJime required by a limit device to allow for the Indicated function. 
*Typical values are for Ta = 25** C and nominal Vdd. 



D( 



CHlf>-SeLECt I 



CHIP- SELECT 2 



OUTPUT DISABLE 



READ/ WRITE 



^^ 



jCZ 



/ 



^ ///////////M 



DATA IN STABLE 



tz 



7 



r 



r 



z^ 




DON'T CARE 



92CM-30804R4 



* ♦cos '^ REQUIRED FOR COMMON I/O 
OPERATION ONLY, FOR SEPARATE I/O 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE. 



Fig. 2 ' Write cycle timing waveforms. 
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RCA CMOS LSI Products 



CDP1822, CDP1822C 

DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C: see Fig. 3 



CHARACTERISTIC 


TEST 
CONDI- 


LIMITS 


UNITS 


TIONS 


CDP1822 


CDP1822C 


Vdr 
(V) 


Vdd 
(V) 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Min. Data Retention 
Voltage, Vdr 


— 


— 


— 


1.5 


2 


■~~ 


1.5 


2 


V 


Data Retention Quiescent 
Current, loo 


2 


— 


— 


30 


100 


— 


30 


100 


/iA 


Chip Deselect to Data 
Retention Time, tcoR 


— 


5 
10 


600 
300 


— 


— 


600 


— 


— 


ns 


Recovery to Normal 
Operation Time, tpc 


— 


5 
10 


600 
300 


I 


I 


600 


I 


I 


Vdd to Vdr Rise and 
Fall Time t.tt 


2 


5 


1 


— 


— 


1 


— 


— 


fJS 



*Typical values are for Ta = 25** C and nominal Vdd. 

Vdd 



CS2 



-DATA RETENTION - 
MODE 



0.95 Vdd 0.95 Vdd 

VDR 
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/V|L 



Vdd 
Q 



i4r 



WRITE 
ADDRESS 
DECODER 



n 
J 



92CS-30a05RI 

Fig. 3 — Low \/dd data retention timing waveforms. 



y 
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n 

L 



-lir- 

r 
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ADDRESS 
DECODER 



92CS-27256R2 



Fig. 4 - Memory cell configuration. 

OPERATING & HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA COS/ 
MOS devices have a network for elec- 
trostatic protection during handling. 
Recommended handling practices for 
COS/MOS devices are described in 
ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated 
Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 



these conditions must not cause Vdd-Vss 
to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protec- 
tion circuit, Input signals should never 
be greater than Vdd nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Vdd or 
Vss, whichever is appropriate. 

Output Sliort Circuits 

Shorting of outputs to Vdd or Vss may 
damage COS/MOS devices by exceed- 
ing the maximum device dissipation. 
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BUFFER 
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rVss 
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Fig. 5 ' Functional block diagram for CDP1822 and CDP1822C. 




CHIP-SELECT 
CONTROL 



I I CHIP- SELECT a 
— ' ' R/W CONTROL 



OUTPUT 
DISABLE 
I CONTROL 92CM-30064R3 



DISABLE I 

I I 

Fig. 6 - Logic diagram of controls for CDP1822 and CDP1622C. 
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CDP1822, CDP1822C 




92CL-29060RI 



Fig. 7 - 4K byte RAM system using the CDP1858 and CDP1822. 



120 130 




127-135 
(3.226-3.429) 



(3.226-3.429) 



The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57" instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both 
dimensions. 



Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {10~^ 
inch). 



Dimensions and pad layout for CDP1822CH. 
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BUS 


1 


-^ 24 


— Vdd 


BUS 1 


2 


23 


MAO 


BUS 2 


3 


22 


MAI 


BUS 3 


4 


21 


MA2 


BUS 4 


5 


20 


MA3 


BUS 5 


6 


19 


MA4 


BUS 6 


7 


IB 


— MAS 


BUS 7 


8 


17 


MA6 


CSI 


9 


16 


MWR 


CS2 — 


10 


15 


— MT?^ 


CSl — 


II 


14 


— "C55 


vss — 


12 


13 


CS4 




TOP 


VIEW 






92CS-28703 


TERMINAL ASSIGNMENT 



128-Word X 8-Bit Static 
Random-Access Memoiy 

Features: 

■ Fast access time: 
450 ns at \/dd = 5 V; 
250 ns at Voo = 10 V 

■ Common data inputs and outputs 

m Multiple-chip select inputs to simplify 
memory system expansion 



The RCA-CDP1823 and CDP1823C are 
128-word by 8-bit CMOS SOS static 
random-access memories. These memo- 
ries are compatible with general-purpose 
microprocessors. The two memories are 
functionally identical. They differ in that 
the GDP1823 has a recommended operat- 
ing voltage range of 4 to 1 0.5 volts, and the 
CDP1823C has a recommended operat- 
ing voltage range of 4 to 6.5 volts. 
The CDP1823 memory has 8 common 
data input and data output terminals for 
direct connection to a bidirectional data 
bus and is operated from a single voltage 
supply. Five chip-select inputs are pro- 
vided to simplify memory-system expan- 
sion. In order to enable the CDP1 823, the 
chip-select inputs CS2, CS3, and "CSS re- 



quire a low input signal, and the chip- 
select inputs CS1 and CS4 require a high 
input signal. 

The MRD signal enables all 8 output 
drivers when in the low state and should 
be in a high state during a write cycle. 

After valid data appear at the output, the 
address Inputs may be changed Im- 
mediately. Outpu t data will be valid until 
either the MRD signal goes high, the 
device Is deselected, or t aa (access time) 
after address changes. 

The CDP1823 and CDP1823C are supplied 
in hermetic 24-lead dual-in-line ceramic 
packages (D suffix), and in 24-lead dual-in- 
line plastic packages (E suffix). 



I 



OPERATIONAL MODES 



Function 

READ 


MRD 




MWR 

X 


CSI 

1 


CS2 




CS3 




CS4 

1 


CS5 




Bus Terminal State 

Storage State of 
Addressed Word 


WRITE 


1 





1 








1 





Input High-Impedance 


STAND-BY 


1 


1 


1 








1 





High-Impedance 


NOT 
SELECTED 


X 


X 





X 


X 


X 


X 


High-Impedance 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


1 



Logic 1 = High Logic = Low X = Don't Care 
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RCA CMOS LSI Products 



CDP1 823, CDP1 8230 



OPERATING CONDITIONS at Ta = FULL PACKAGE-TEMPERATURE RANGE 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1823D 


CDP1823CD 


Min. 


Max. 


MIn. 


Max. 


Supply-Voltage Range 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage Range 


vss 


vdd 


Vss 


Vdd 


V 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE f^ANGE, (Vpo) 

(All voltage values referenced to Vss terminal) 

CDP1823 -0.5to +11 V 

CDP1823C -O.Sto +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -O.StO Vdd + 0.5 V 

DC INPUT CURRENT, ANYONE INPUT ± 10mA 

OPERATING-TEMPERATURE RANGE (Tfa): 

CERAMIC PACKAGES (D SUFFIX TYPES) -65to -»-125»C 

PLASTIC PACKAGES (E SUFFIX TYPES) -40tO -f-86*C 

STORAGE TEMPERATURE RANGEfTstg) -65tO -I- 150'C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 266*C 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to + 85° 


, Except as noted 


CHARACTERISTICS 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


ViN 

(V) 


Voo 
(V) 


CDP1823 


CDP1823C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device — 
Current, Idd 


— 


0,6 
0,10 


5 
10 


— 




500 
1000 


— 


— 


500 


//A 


Output Voltage: 
Low-Level, Vol 


~ 


0,5 
0,10 


5 
10 


— 






0.1 
0.1 


— 





0.1 


V 


High-Level, Voh 


I 


0.5 
0,10 


5 
10 


4.9 
9.9 


5 
10 


: 


4.9 


5 


— 


Input Low Voltage, Vil 


0.5,4.5 
0.5,9.5 


— 


5 
10 


— 


— 


1.5 
3 


— 


— 


1.5 


Input High Voltage, VrH 


0.5,4.5 
0.5,9.5 


— 


5 
10 


3.5 

7 


— 


— 


3.5 


-"■ 





Output Low (Sink) 
Current, lot 


0.4 
0.5 


0,5 
0,10 


5 
10 


2 
4.5 


4 
9 


— 


2 


4 


— 


mA 


Output High (Source) 
Current, Ioh 


4.6 
9.5 


0,5 
0,10 


5 
10 


-1 
-2.2 


-2 
-4.4 


— 


-1 


-2 


— 


Input Current, Iin 


Any 
Input 


0.5 
0.10 


5 
10 


— 


— 


±5 
±10 


— _ 


■"- 


±5 


yuAl 


3-State Output 
Leakage Current, lour 


0,5 
0,10 


0.5 
0,10 


5 
10 


— 


— 


±5 
±10 


"" 


I 


±5 


Operating Current.looit 


— 


0,5 
0,10 


5 
10 


— 


4 
8 


8 
16 


I 


4 


8 


mA 


Input Capacitance, Cin 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance, 

CoUT 





— 


— 


. — 


10 


15 





10 


15 



tOutputs open circuited; cycle time = 1 //s. 
'Typical values are for Ta = 26° C and nominal Voo. 
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1800-Serle$ Memories 



CDP1823, CDP1823C 



DYNAMIC ELECTRICAL CHARACTERISTrCS at Ta= -40 to +85«C, Vdd±5%, 
tr,tff:=20ns,CL:=100pF. 



CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


CDP1823 


CDP1823C 


Mln.t|Typ.*iMax. 


Mln.t|Typ.*|Max. 


Read Cycle (See Fig. 1) 


Access Time From 
Address Change, tAA 


5 
10 


___ 


275 
150 


450 
250 


___ 


275 


450 


ns 


Access Time From 
Chip Select, tDOA 


5 
10 


— 


150 
100 


250 
150 





150 


250 


MRD to Output 
Actrve, tAM 


5 
10 


_ 


150 
100 


250 
150 


"■" 


150 


250 


Data Hold Time 
After Read, tioOH 


5 
10 


25 

15 


50 
25 


75 
40 


25 


50 


75 



Typical values are at Ta = 25 *C and nominal voltage, 
tjime required by a limit device to allow for the indicated function. 
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1 
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CS2.CS3,CS5 
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CSI.CS4 
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*doh 


s^% 








lllllh 


/ ^ 






HIGH 


IMPED/1 


NCE 






\ 


^\\\\V 


\ 


— - 


^0% 





NOTE:PWF? IS HIGH DURING READ OPERATION. 

TIMING MEASUREMENT REFERENCE IS 0-5\fQQ- 

Fig. 1 - Read cycle timing diagram. 



92CM-3I942RI 
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RCA CMOS LSI Products 



CDP1823, CDP1823C 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta « 
tr,tf = 20n8,CL = 100pF. 


-40 to 


+ 86 x, Vdd ±5%, 


CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


ODP1823 


CDP1823C 


Min.tTyp.*|Max. 


MIn.tlTyp.* Max. 


Wrrte Cycle (See Fig. 2) 


Write Recovery, tWR 


5 
10 


75 
50 


— 


— 


75 


— ■ 


— 


ns 


Write Cycle, twc 


5 
10 


400 
225 


— 


— 


400 


— 


— 


Write Pulse 
Width, tWRW 


5 
10 


200 
100 


,__ 


._ 


200 


_ 


""" 


Address 

Setup Time, tAS 


5 
10 


125 
75 


— 


— 


125 


— 


I 


Data 

Setup Time, t OS 


5 
10 


100 
75 


— 


._ 


100 


— 


— 


Data Hold Time 
From MWR, tpH 


5 
10 


75 
60 


: 


: 


75 


: 


: 



* Typical values are at Ta-25*C and nominal voltage. 

tTime required by a limit device to allow for the indicated function. 



CSI.CS4 



C"§^ ,?!53 .eSB 



^^^ 



•as 



V 



VALID DATA 



NOTE : MRD MUST BE HIGH DURING'WRITE QPERATION 



j' 



)C 



92CM-3l943Ri 



Fig. 2 - Write cycle timing diagram. 
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CDP1823, CDP1823C 



DATA RETENTION CHARACTERISTICS at Ta = 


: -40 to +85° C 


; see Fig. 3 






CHARACTERISTIC 


TEST 
CONDI- 
TIONS 


LIMITS 


UNITS 


CDP1823 


CDP1823C 


Vdr 
(V) 


Vdd 
(V) 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Min. Data Retention 
Voltage. Vdr 


— 


— 


— 


1.5 


2 


— 


1.5 


2 


V 


Data Retention Quiescent 
Current, Idd 


2 


— 


— 


30 


100 


— 


30 


100 


//A 


Chip Deselect to Data 
Retention Time, tcoR 


: 


5 
10 


600 
300 


: 


— 


600 


" 


— 


ns 


Recovery to Normal 
Operation Time, tpc 


— 


5 
10 


600 
300 


— 


— 


600 


— 


— 


Vdd to Vdr Rise and 
Fall Time tr.tt 


2 


5 


1 


— 


— 


1 




— 


fJS 



*Typical values are for Ta = 25° and nominal Vdd. 
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h" 
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92CS-30805RI 



Fig. 3 - Low I/do data retention timing waveforms. 
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Fig. 4 - Functional diagram. 
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CDP1823, CDP1823C 
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<> 




<> 






DATA ' 1 




CD 


CPU 
PI8C 


2 




ROM 
CDPI833 


; i 
1 1 


RAM 
CDPI823 



Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS 
devices iiave a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Opera- 
tion of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 



these conditions must not cause Vdd-Vss 
to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the Input protec- 
tion circuit, input signals should never 
be greater than Vdd nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply Is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Voo or 
Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may 
damage CMOS devices by exceeding 
the maximum device dissipation. 
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92CS- 27588 


Terminal Assignment 



CDP1824, CDP1824C 

32-Word X 8-Bit Static 
Random-Access Memory 



Features: 

■ Access time: 
710nsat Vdd=5 V; 
320nsat Vdd=10 V 

■ No precharge or clock required 



The RCA-CDP1 824 and CDP1 824C types are 
32-word X 8-bit fully static COS/MOS ran- 
dom-access memories for use in CDP1800 
series microprocessor systems. These parts 
are compatible with the CDP1802 micro- 
processor and will interface directly without 
additional components. 

The CDP1824 is fully decoded and does not 
require a precharge or clocking signal for 
proper operation. It has common input and 
output and is opera ted from a single voltage 
supply. The MRD signal (output disable 



control ) enables th e thre e-state output drivers, 
and overrides the MWR signal. A CS"input is 
provided for memory expansion. 

The CDP1824C is functionally identical to 
the CDP1824. The CDP1824 has an operating 
range of 4 to 10.5 volts, and the CDP1824C 
'has an operating voltage range of 4 to 6.5 
volts. The CDP 1824 and CDP1824C types 
are supplied in 18-lead hermetic dual-In-line 
ceramic packages (D suffix) and in 18-lead 
dual-in-line plastic packages (E suffix). 



I 



OPERATIONAL MODES 



Function 


CS 






Data Pins Status 


MRD 


MWR 


READ 








X 


Output: High/ 
Low Dependent 
on Data 


WRITE 





1 





Input: Output 
Disabled 


Not 
Selected 


1 


X 


X 


Output Disabled: 

High- 
Impedance State 


Standby 





1 


1 



Logic 1 = High Logic = Low X « Don't Care 
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RCA CMOS LSI Products 



CDP1824, CDP1824C 

MAXIMUM RATINGS, Abso/ute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpo) 
(All voltage values referenced to Vss terminal) 

CDP1824 -0.5 to +1 IV 

CDP1824C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

OPERATING-TEMPERATURE RANGE (T^): 

CERAMIC PACKAGES <D SUFFIX TYPES) -55to+125°C 

PLASTIC PACKAGES (E SUFFIX TYPES) -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) • -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

OPERATING CONDITIONS at T^ = Full Package-Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is 

always within the following ranges: 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vdd 

(V) 


CDP1824D 
CDP1824E 


CDP1824CD 
CDP1824CE 


Min. 


Max. 


Min. 


Max. 


Supply-Voltage Range 


- 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage 
Range 


- 


Vss 


Vdd 


Vss 


Vdd 


V 


Input Signal Riseor FallTime> 
tptf 


5 


- 


5 


__ 


5 


fXS 


10 


- 


2 


- 


- 



^ Input signal rise or fall times longer than these maxima can cause loss of stored data in either the 
selected or deselected mode. 
STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to + 85° C. Except as noted 



CHARACTERISTICS 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vo 

(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1824 1 


CDP1824C 1 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device — 
Current, Idd 


— 


— 


5 
10 


— 


25 
250 


50 
500 


— 


100 


200 


M 


Output Voltage: 
Low-Level, Vol 


— 


0,5 
0,10 


5 
10 


— 






0.1 
0.1 


— 





0.1 


V 


High-Level, Voh 


: 


0,5 
0.10 


5 
10 


4.9 
9.9 


5 
10 




4.9 


5 


I 


Input Low Voltage, Vil 


0.5,4.5 
1,9 


— 


5 
10 


— 





1.5 
3 







1.5 


Input High Voltage, Vih 


0.5,4.5 

1,9 




5 
TO 


3.5 
7 





— 


3.5 








Output Low (Sink) 
Current, Iol 


0.4 
0.5 


0,5 
0,10 


5 
10 


1.8 
3.6 


2.2 
4.5 


I 


1.8 


2:2 


— 


mA 


Output High (Source) 
Current, Ioh 


4.6 
9.5 


0.5 
0.10 


5 
^10 


-0.9 
-1.8 


-1.1 
-2.2 


— 


-0.9 


-1.1 


— 


Input Current, Iin 


Any 
input 


0.5 
0.10 


5 
10 


I 


±0.1 
±0.1 


±1 
±1 


— 


±0.1 


±1 


M 


3-State Output 
Leakage Current, Iqut 


0,5 
0,10 


0.5 
0.10 


5 
10 


— 


±0.2 
±0.2 


±2 
±2 


— 


±0.2 


±2 


Operating Current, looit 


— 


0.5 
0,10 


5 

10 


— 


4 
8 


8 
16 


— 


4 


8 


mA 


Input Capacitance, Cin 


- 


- 


— 


- 


5 


7.6 


— 


5 


7.5 


PF 


Output Capacitance, 

CoUT 


— 


^ 


— 


— 


10 


15 


— 


10 


15 



tOutputs open circuited; cycle time = 1 fjs. 



•Typical values are for Ta = 25*0 and nominal Vdd. 
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1800-Serie8 Memories 



CDP1824, CDP1824C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C, Vqq ±5%, 
Input tp tf = 10 ns, Cl = 50 pF, Rl = 200 kH; See Fig. 1. 



CHARACTERISTIC 


TEST 

conditions 
vdd 

(V) 


LIMITS 


U 
N 

1 

T 

S 


CDP1824D 
CDP1824E 


CDP1824CD 
CDP1824CE 


Min.# 


Typ* 


Max. 


Min.# 


Typ* 


Max. 


Read Operation 


Access Time From 
Address Change, t;^;^ 


5 
10 


- 


400 
200 


710 
320 





400 


710 


ns 


Access Time From 
Chip Select, tpoA 


5 
10 


- 


300 
150 


710 
320 


- 


300 


710 


ns 


Output Active From 
MRD, tAM 


5 
10 


— 


300 
150 


710 
320 


— 


300 


710 


ns 



V Time required by a limit device to allow for the indicated function. 

• Time required by a typical device to allow for the indicated function. Typical values are for 
Tj\ = 25 C and nominal Vdd- 





h 


♦am^ 




iiiRD ^ 








h- 












MA 


y 














cs 




^ 




h* DO^-* 


^ 


DAIA OUT 


HIGH 


IMPEDANCE 





I 



MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT 



READ OPERATION TIMING DIAGRAM 



92CS-34739 



Fig. 1 - Read cycle timing diagram. 



Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1824. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1824 is used with the 
CDP1802 microprocessor: 

tww = 2 tc 
tAH=10tc 



tAS = 4.5 tc 

tQH = 1.0tj, 7 Data transfers from 
t|3s = 5.5 tc ] CDP1 802 to memory 
MRD occurs one clock period (t^) earlier 
than the address bits MA0-IVIA7. 

1 
where t^ 



CDP1802 clock frequency 

The CDP1824 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 



149 



RCA CMOS LSI Products 



CDP1824, CDP1824C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T/x = -40 to +85°C, Mqq ±5%, 
Input tf, tf = 10 ns, Cj, = 50 pF, Rt_ "^ 200 kO,; See Fig. 2. 



CHARACTERISTIC 


TEST 

conditions 
vdd 

(V) 


LIMITS 


u 

N 

1 

T 

S 


CDP1824D 
CDP1824E 


CDP1824CD 
CDP1824CE 


Min.# 


Typ* 


Max. 


Min.# 


Typ* 


Max. 


Write Operation 


Write Pulse 
Width, tWRW 


5 
10 


390 
180 


200 
150 


- 


390 


200 


: 


ns 


Data Setup 
Time, tQS 


5 
10 


390 
180 


100 
50 


_ 


390 


100 


- 


ns 


Data Hold 
Time, tDH 


5 
10 


70 
35 


40 
20 


- 


70 


40 


: 


ns 


Chip Select 
Setup Time, t^g 


5 
10 


425 
215 


210 
110 


- 


425 


210 


_ 


ns 


Address Setup 
Time, t/^g 


5 
10 


640 
390 


500 
300 


_ 


640 


500 


_ 


ns 



» Time required by a limit device to allow for the indicated function. 

• Time required by a typical device to allow for the indicated function. Typical values are for 
T/\ = 25 C and nominal Vqq- 




WRITE OPERATION TIMING DIAGRAM 

92CS- 34740 



Fig. 2 - Write cycle timing diagram. 
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1800-Series Memories 



CDP1824, CDP1824C 



DATA RETENTION CHARACTERISTICS at T^ = -40 to +85°C; See Fig. 3. 



CHARACTERISTIC 


TEST CONDITIONS 










UNITS 




Vdd 

(V) 


CDP1824 


CDP1824C 


Min. 


Max. 


Min. 


Max. 


Data Retention Voltage, Vqr 




- 


2.5 


- 


2.5 


- 


V 


Data Retention Quiescent 
Current, Iqq 


Vdr = 2.5V 


_ 


_ 


10 


_ 


40 


ma 


Chip Deselect to Data 
Retention Time, tQQp 


Vdr = 2.5V 


5 
10 


600 
300 


- 


600 


- 


ns 


Recovery to Normal 
Operation Time, tpQ 


VdR = 2.5V 


5 
10 


600 
300 


- 


600 


- 



X 



- DATA RETENTION - 
MODE 

95 Vqd 0.95 Vdd 

VDR 



^CDR I* •- '--■tf* 



7 



-* *- -to 



I 



XV|L 



92CS- 30629 



Fig. 3 - Low V'dd data retention waveforms and timing diagram. 



MA4- 
MA3- 

MA2- 
MAI - 
MAO- 









2| h 










ADDRESS 
DECODER 




32 X 8 BIT 
ARRAY 




* 


4^ 
5^ 


1 












I 




li 






SENSE 
AMPL. 










a i-1 




I _ 


A — 


17^ 

15^ 


I/O BUFFERS 



nTTTTTT 

BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 10 
FUNCTIONAL DIAGRAM 



92CS-2759IRI 



Fig. 4 - Functional diagram. 
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RCA CMOS LSI Products 



CDP1824, CDP1824C 



CPU/ ROM SYSTEM 



RAM SYSTEM 



TPA 
MRD 
MWR 

BUSO- BUS7 



S^ 



TPA 
MRD 



CEO 
BUSO -BU 87 



TE 



^}^ 



MRD 
MWR 

CS 

BUSO- BUS? 



T 



CPU 
CDPI802 


ROM 
CDPI833 


RAM 
CDI824 

92CS-3474I 



Fig. 5 - CDP1824 (128 x 8} minimum system (128 x 8) 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described In ICAN-6525 
"Guide to Better Handling and Opera- 
tion of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 



these conditions must not cause Vdd-Vss 
to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protec- 
tion circuit, Input signals should never 
be greater than Vqd nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply Is off. 

Unused Inputs 

A connection must be provided at every 
Input terminal. All unused input termi- 
nals must be connected to either Vdd or 
Vss, whichever Is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss may 
damage CMOS devices by exceeding 
the maximum device dissipation. 
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1800-Series Memories 



BUSO — 


1 


^ 22 


— VoD 


BUS 1 — 


2 


21 


— AO 


8US2 — 


3 


20 


— CS/A5 


BUS3 — 


4 


19 


— Al 


BUS4 — 


5 




— A2 


BUS5-H 


6 




— A3 


BU$6 — 


7 




— A4 


BUS 7 — 


8 




-— TPA 


CSJ -; 


9 




— ICiRO 


C5? - 


10 




— RTWR 


vss - 


II 


12 


— CEO 




TOP 


VIEW 






92CS -34034 


Terminal Assignment 



Preliminary Data 

CMOS 64-Word x 8-Bit Static 
Random-Access Memory 



Features: 

■ Compatible with CDP1800 and 4000-series devices 
m Interfaces with CDP18G0-series microprocessors 

without additional address decoding 
m Daisy chain feature to further reduce external 

decoding needs 
m Multiple chip-select inputs for versatility 
m Single voltage supply 
m No clock or precharge required 



CDP1826C 



The RCA CDP1826C is a general-purpose, fully static, 64- 
word X 8-bit random-access memory, for use in CDP1800 
series or other microprocessor systems where minimum 
component count and/or price performance and simplicity 
In use are desirable. 

The CDP1826C has 8 common data input and data-output 
terminals with tristate capability for direct connection to a 
standard bi-di rectional data bus. Two chip-select inputs — 
CS1 and CS2 — are provided to simplify memory-system 
expansion. An additional select pin, CS/A5, is provided to 
enable the CDP1826C to be selected directly from the 
CDP1 800 address bus without additional latching or decod- 
ing. In an 1 800 system, the CS/A5 pin can be tied to any MA 



address line from the CDP1800 processor. A TPA input is 
provided to latch the high-order bit of this address line as a 
chip-select for the CDP1826C. If this CS/A5 input is latched 
high, and If CS1=1 and CS2 = at the appropriate time in the 
memory cycle, the CDP1826C will be enabled for writing or 
reading. In a non-1800 system, the TPA pin can be tied high, 
and the CS/A5 pin can be used as a normal address Input. 

The six Input-address buffersare gated with the chip-select 
function to reduce standby current when the device Is dese- 
lected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall 
times from address drivers which are being powered down. 



I 







iil^ 







RAM 
COP I 6260 



MRP 



ui 

M 



CPU 
CDPI800 
SERIES 



NQ-N? MRP 



:>^ 



TPB 



INTERt^Uftt 



^ 



o 



PMA-IN P^-QVT 



8-BIT BIDIRECTIONAL DATA BUS 



^CONTROL^ 



^2CM-34043 



Fig. 1 - Typical CDP1802 microcprocessor system. 
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RCA CMOS LSI Products 



CDP1826C 

Two memory control sign€ils, MRD and MWR, are provided 
for trading from and w riting to t heCD P1826C. The logic is 
designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single R/W line. 
For such an interface, the MRD line can be tied to Vss, with 
the MWR line connected to R/W. 

A CHIP ENABLE OUTPUT is provided fordaisy-chaining to 
additional memories. This output is high whenever the 
chip-select function selects the CDP1826C, which dese- 
lects any other chip which has its CS input connected to the 
CDP1826C CEO output. The connected chip is selected 



when the CDP1826C is de-selected and the K7RD input is 
low. Thus, the CEO is only active for a read cycle an d can be 
set up so that a CEO of another device can feed the MRD of 
the CDP1 826C, which In turn selects a third chip in the daisy 
chain. 

The CDP1826C has a recommended operating voltage of 
4.5 to 6.5 V and is supplied in 22-lead hermetic duai-in-ilne 
side-brazed ceramic pacl^ages (D suffix), in 22-lead dual- 
in-line plastic packages (E suffix). The CDP1826C is also 
available in chip form (H suffix). 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltages referenced to Vss Terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Voo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60"»C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85*'C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to + 100°C (PACKAGE TYPE D) 500 mW 

For Ta = + 100 to + 125*'C (PACKAGE TYPE D) Derate Linearly at T2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125° C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Ts,g) -65 to + 150''C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265®C 



RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range. 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1826C 


MIN. 


MAX. 


DC Operating Voltage Range 


4.5 


6.6 


V 


Input Voltage Range 


Vss 


Vdd 


Input Signal Rise or Fall Time tr, tf 
Vdd = 5 V 


— 


10 


ms 
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ISOO-Series Memories 



CDP1826C 



STATIC ELECTRICAL CHARACTERISTICS af Ta = - 


40 to -\- 85'' 


C, \/dd ± 5% except as noted 






CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1826C 


MIN. 


TYP.* 


MAX. 


Quiescent Device Idd 
Current 


~ 


0,5 


5 


- 


5 


50 


M 


Output Low Drive lot 
(Sink) Current 


0.4 


0.5 


5 


1 


2 


- 


mA 


Output High Drive Ioh 
(Source) Current 


4.6 


0,5 


5 


-1 


-1.5 


- 


Output Voltage Vol 
Low Level 


- 


0,5 


5 


- 





0.1 


V 


Output Voltage Voh 
High Level 


- 


0,5 


5 


4.9 


5 


- 


Input Low Voltage Vil 


0.6.4.5 


— 


5 


_ 


^ 


1.5 


Input High Voltage Vih 


0.5,4.5 


— 


5 


3.5 


_ 


^ 


Input Leakage Current Iin 


Any 
Input 


0.5 


5 


-- 


±0.1 


±1 


A/A 


3-State Output lour 
Leakage Current 


0.5 


0.5 


5 


- 


±0.1 


±1 


Operating Device IoperI 
Current 


- 


0.5 


5 


- 


5 




mA 


Input C,N 
Capacitance 


- 


- 


— 


- 


5 


7.5 


PF 


Output CoUT 

Capacitance 


- 


0,5 


5 


- 


10 


15 



I 



•Typical values are for Ta = 25° C and nominal 
fOutputs open circuited; cycle times = 1 //s. 



Voo. 



AO - 

Al - 
A2 ■ 
A3 - 
A4 ' 

CS/A5 - 



INPUT 
ADDRESS 
BUFFERS 



XY 
DECODE 



64x8 
MATRIX 



MWR 

fHWb 



INPUT/OUTPUT 

DATA 

BUFFERS 

AND 
CONTROL 




BUSO 
BUS I 
BUS 2 
BUS 3 
BUS 4 
BUS 5 
BUS 6 
BUS 7 



92CM- 34044 



Fig. 2 - Functional diagram. 
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RCA CMOS LSI Products 



CDP1826C 



1800 CLOCK 



A5 
TPA 



.TunJiJiJiJiJiJiJiJiJiJTJTrui^^ 

I 

I 

J" 




m 



TD C 



VALID DATA 



VALID DATA 



RAM CYCLE 
CSI = I, CS2«0 



(RAM SELECTED) 



ROM CYCLE (RAM DESELECTED) 
92CM-34048 



OPERATING MODES 





FUNCTION 


MRD 


MWR 


CSI'CSS 


TPA 


CS/A5# 


CEO 




WRITE 


X 





1 


s\ 


1 


1 


UJ 


READ 





1 


1 


-PL 


1 


1 


o 


DESELECT 


1 


1 


1 


J^ 


1 


1 


§ 

00 


DESELECT 


1 


X 





X 


X 


1 


DESELECT 





X 





X 


X 





a 


DESELECT 


1 


X 


X 


TiL 





1 




DESELECT 





X 


X 


jr\. 








R 


WRITE 


X 





1 




X 


1 


z 


READ 

DESELECT 

DESELECT 




1 


1 
I 

X 


! 

1 






X 
X 
X 


1 
1 
1 


o 

2 


DESELECT 





X 







X 






* FOR CDPI800 MODE, REFERS TO HIGH ORDER MEMORY 

ADDRESS BIT LEVEL AT TIME WHEN TPA "^TRANSITION 



TAKES PLACE 



Fig. 3 - Chip Enable Output timing waveforms for CDP1800-based systems. 
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1800-Series Memories 



CDP1826C 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 

Input toil = 10 ns; Ct = 50 pF and 1 TTL Load 


= -40 to 4-85'^C, VoD=^5V ±5%, 






CHARACTERISTIC 


LIMITS 


UNITS 


CDP1826C 


MIN.t TYP.* 1 


MAX. 



Read — Cycle Times (Fig. 4) 



Address to TPA Setup 

tASH 


100 


— 


— 


ns 


Address to TPA Hold 

tAH 


100 


— 


— 


Access from 

Address Change tAA 


- 


500 


1000 


TPA Pulse Width 

tpAW 


200 


— 


— 


Output Valid from 

MRD tAM 


- 


500 


1000 


Access from 

Chip Select tAc 


- 


500 


1000 


CEO Delay from 

TPA"\Edge tcA 


- 


150 


300 


MRD to CEO Delay t^^ 


75 


— 


— 



fTime required by a limit device to allow for the indicated function. 
•Typical values are for Ta = 25'* C and nominal Vdd- 



I 



HI ORD. ADDRESS BYTE 



' ^^PAW-^^ 



y///////A 



CSI -082 



y////////7 7y-^^ZPm{ 



♦ah 



LOW ORDER ADDRESS BYTE 



♦mc 



HIGH IMPEDANCE 



'A 



CHIP SELECT 



C 



> 



9aCM-94047 



fig. 4 - Read-cycle timing waveforms. 
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RCA CMOS LSI Products 



CDP1826C 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 

Input trjf - 10 ns; Cl = 50 pF and 1 TTL Load 


= -40 to +85' 


'C, Vdo = 5 V±5%, 






CHARACTERISTIC 


LIMITS 


UNITS 


CDP1826C 


MIN.f 


TYP.« 


MAX. 



Write-Cycle Times (Fig. 5) 



Address to TPA Setup, 
High Byte tASH 


100 


~ 


- 


ns 


Address to TPA Hold 

tAH 


100 


— 


— 


Address Setup 
Low Byte tASL 


500 


250 


— 


TPA Pulse Width 

tpAW 


200 


— 


— 


Chip Select Setup 

tcs 


700 


350 


— 


Write Pulse Width 

tww 


300 


200 


— 


Data Setup 

tos 


400' 


200 


— 


Data Hold 

toH 


100 


50 


" 



tlime required by a limit device to allow for the indicated function. 
•Typical values are for Ta = 25*' C and nominal Vdd. 



■^( 



H I ORD. ADDRESS BYTE 



/ ^- 



)C 



LOW ORDER ADDRESS BYTE 



MWR 



\^ — ♦ww 



^ y///////////////M 



VALID CHIP SELECT 



'V//////A '^ 



DATA IN STABLE 



)^ 



92CM- 34046 



f\g. 5 - W rite-cycle timing waveforms. 
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1800-Series Memories 



CDP1826C 



DATA RETENTION CHARACTERISTICS at 7a = ~40 to -\-85''C; see Fig. 6 



CHARACTERISTIC 


TEST 
CONDI- 


LIMITS 


UNITS 


TIONS 


CDP1826C 


Vdr 
(V) 


Vdd 
(V) 


MIN. 


TYP.« 


MAX. 


Min. Data Retention 
Voltage Vdr 


- 


- 


- 


2 


2.5 


V 


Data Retention Quiescent 
Current Idd 


2.5 


- 


- 


5 


25 


fJ^ 


Chip Deselect to Data 
Retention Time tcoR 


- 


5 


600 


- 


- 


ns 


Recovery to Normal 
Operation Time tpc 


- 


5 


600 


- 


- 


Vdo to VoR Rise and 
Fall Time tr.t, 


2.5 


5 


1 


- 


- 


fJS 



•Typical values are for Ta = 25** and nominal Vdd. 



Vdd 



^CDR 
CS2 



K 



-DATA RETENTION - 
MODE 

.95VoD 0.95 Vqd 

VDR 



h" 



7 



92CS-30805RI 

Fig. 6 - Low 1/dd data retention timing waveforms. 
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BUS 0-7 
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I 



For the configuration shown, the RAM Is mapped into loca- 
tions 2000-3FFF with wrap-around at 

6000-7 FFF 

AOOO-BFFF 

EOOO-FFFF 

The ROM is mapped into the first page of memory with 
wrap-around at all pages where MA5.1 = 0. 



Note: Any address from MA0-MA5 can be connected to 
CS/A5 and still contiguously map 64 bytes of RAM — even 
though the address labels of the RAM do not match those of 
the CPU, the random access property of the RAM still re- 
sults in proper operation. 



Fig. 7 - A compact microcomputer system without external decoding. 
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CDP1831,CDP1831C 



MA7 — 


1 ^ 24 


^— Vdd 


MA6 — 


? 23 


— TPA 


MAS — 


3 22 


— NC 


MA4 — 


4 21 


— CSI 


MA3 — 


5 20 


— CS2 


MA2 — 


6 19 


— MRD 


MAI — 


7 18 


— CEO 


MAO — 


8 17 


— BUS7 


BUSO — 


9 16 


— BUS6 


BUSI 


10 15 


— BUSS 


BUS2 — 


II 14 


— BUS4 


vss— 


12 13 


— BUS3 




TOP VIEW 




NC « NO CONNECTION 


92CS-27584R2 


Terminal Assignment 



512-Word X 8-Bit Static 
Read-Only Memory 



Features: 

■ Compatible with CDP1800 and CD4000'Series devices 

■ On-chip address latch 

■ Interfaces with CDP1802 microprocessor without 
additional components 

■ Optional programmable location within 64K 
memory space 

■ Three-state outputs 



The RCA-CDP 1831 and CDP1831C types 
are 4096-blt mask-programmable CIVIOS 
read-only memories organized as 512 
words X 8 bits and are completely static; no 
clocks required. They will directly interface 
with CDP1800-series micro-processors 
without additional components. 

The CDP1831 and CDP1831C respond to 
16-bit address multiplexed on 8 address 
lines. Address latches are provided on-chip 
to store the 8 most significant bits of the 
16-bit address. By mask option, this ROM 
can be programmed to operate in any 512- 
word block within 64K memory space. The 
polarity of the high address strobe (TPA), 
and CSI and CS2 are user mask-program- 
mable. (See RPP-610, "ROM Sales Policy 
and Data Programming Instructions"). 



MA3- 
MA2- 
MAI- 
MAO- 

2 
TPA- 



The Chip-Enable output signal (CEO) goes 
"high" when the device is selected, and is 
intended for use an an output disable con- 
trol for RAM memory in a microprocessor 
system. 

The CDP 1831C is functionally identical to 
theCDP1831.TheCDP1831 has an operat- 
ing voltage range of 4 to 10.5 volts, and the 
CDP1831C has an operating voltage range 
of 4 to 6.5 volts. 

The CDP1831 and CDP1831C types are 
supplied in 24-lead hermetic dual-in-line, 
side-brazed ceramic packages (D suffix) 
and in 24-lead dual-in-line plastic packages 
(E suffix). The CDP1831C Is also available 
in chip form (H suffix). 



512 X 8 
STORAGE 
ARRAY 



OUTPUT 
BUFFERS 



MRD 
CS2 

CSI 



BANK 
SELECT 
DECODE 



-i^Busr 

■^BUS6 
-'^BUS5 
^BUS4 
-^BUS3 
-^BUS2 
-i^BUSI 
-^BUSO 



-►CEO 



NO CONNECTION = 22 
VdD = 24 
VSS - 12 



Fig. 1 - Functional diagram. 



92CS-27587R3 
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1800-Series Memories 



CDP1831,CDP1831C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd): 
(All voltage values referenced to Vss terminal) 

CDP1 831 -0.5 to + 11 V 

CDP1831C -0.6 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ± 10 nfiA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60** C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to + lOO^'C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T; = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPE D -55 to + 125''C 

PACKAGE TYPE E -40 to +85''C 

STORAGE TEMPERATURE RANGE (Tsto) -65 to + 150*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265*'C 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For nnaximum reliability, 
operating conditions sliould be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1831 


CDP1831C 


Min. 


Max. 


Min. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS at T 


A = -40 to +85° C, 


Except 


as noted 


CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1831 


CDP1831C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, Idd 


_ 


5 


5 


__ 


0.01 


50 


— 


0.02 


200 


M 


_ 


10 


10 


_ 


1 


200 


_ 


— 


— 


Output Low Drive 
(Sink) Current, Iol 


0.4 


0,5 


5 


0.55 


~ 


— 


0.55 


_ 


— 


mA 


0.5 


0,10 


10 


1.30 


^ 


— 


__ 


— 


— 


Output High Drive 
(Source) Current, 
loH 


4.6 


0,5 


5 


-0.35 


_ 


_ 


-0.35 


_ 


_ 


9.5 


0,10 


10 


-0.65 


__ 


— 


— 


— 


— 


Output Voltage 
Low-Level, Vol 


— 


0,5 


5 


-_ 





0.1 


— 





0.1 


V 


__ 


0,10 


10 


__ 





0.1 


__ 


— 


— 


Output Voltage 
High Level, Voh 


— 


0,5 


5 


4.9 


5 


— 


4.9 


5 


— 


-_ 


0,10 


10 


9.9 


10 


— 


^ 


— - 


— 


Input Low Voltage, 

V,L 


0.5.4.5 


— 


6 


— 


— 


1.5 


_ 


— 


1.5 


1,9 


-_ 


10 


~ 


-_ 


3 


__ 


— 


— 


Input High Voltage, 

V,H 


0.5,4.5 


— 


5 


3.5 


— 


— 


3.5 


— 


— 


1,9 


__ 


10 


7 


— 


— 


— 


— 


— 


Input Leakage 
Current, Iin 


Any 


0,5 


5 


__ 


±10"^ 


±1 


— 


— 


±1 


mA 


Input 


0,10 


10 


__ 


±10"^ 


±2 


— . 


— 


~ 


3-State Output 
Leakage Current, 
louT 


0,5 


0,5 


5 




±10"^ 


±1 






±1 


0,10 


0,10 


10 


-— 


±10"^ 


±2 


— 


— ■ 


— 


Input 
Capacitance, Cm 






__ 




5 


7.5 




5 


7.5 


PF 


Output 
Capacitance, Cout 


_ 








10 


15 




10 


15 


Operating Current, 

loDlt 


^ 


0,5 


5 


_ 


5 


10 


_ 


5 


10 


mA 


— 


0,10 


10 


_. 


10 


20 


_ 


— 


— 



*Typical values are for "one" Ta 
and nominal Vdd 



^25°C 



tOutputs open-circuited; cycle time = 2.5 fjs 
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RCA CMOS LSI Products 



CDP1831, CDP1831C 



DYNAMIC ELECTRrCAL CHARACTERISTICS at Ta = 

Input tr, t, = 10 ns, Cl = 50 pF, Rl = 200kn 


-40to+85*C, Voo±5%, 




CHARACTERISTIC 


TEST 
CONDITIONS 

Vdd 
(V) 


LIMITS 


UNITS 


CDP1831 


CDP1831C 


Min.t 


Typ.* 


Max. 


Mln.t 


Typ.* 


Max. 


Access Time from 
Address Change, 

tAA 


5 
10 


— 


850 
350 


1000 
400 


— 


850 


1000 


ns 


Access Time from 
Chip Select, 

tACS 


5 
10 


- 


700 
250 


800 
300 


— 


700 


800 


Chip Select Delay, 
tcs 


5 
10 


— 


600 
200 


300 


— 


600 


— 


Address Setup Time, 

tAS 


5 
10 


50 
25 


— 


— 


50 


— 


— 


Address Hold Time, 

tAH 


5 
10 


150 
75 


— 


— 


150 


— 


— 


Read Delay, tjCiRo 


5 
10 


— 


300 
100 


500 
150 


— 


300 


500 


Chip Enable Output 
Delay from Address, 

tcA 


5 
10 


- 


500 
200 


600 
250 


— 


500 


600 


Bus Contention Delay, 
to 


5 
10 


— 


200 
100 


350 
150 


— 


200 


350 


TPA Pulse Width, 

tpAW 


5 
10 


200 
70 


— 


— 


200 


— 


— 



tTime required by a limit device to allow for the indicated function. 

*Time required by a typical device to allow for the indicated function. Typical values are for 
Ta = 25° C and nominal Vdd. 



MRD 
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F\g. 2 - Timing waveforms. 
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1800-Series Memories 



CDP1831, CDP1831C 
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Dimensions and pad layout for CDP1831CH chip. 



Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {10~^ 
Inch). 



Note: 

The dynamic characteristics and timing 
diagrams indicate maximum performance 
capability of the CDP1831. When used di- 
rectly with a CDP1800-series microproces- 
sor, timing will be determined by the clock 
frequency and Internal delays of the 
microprocessor. 

The following general timing relationships 
will hold when the CDP1831 is used with a 
CDPISOO-series microprocessor: 

Uh = 0.6 tc 

tpAW = 1 tc 

MRD occurs one clock period (tc) earlier 
than the address bits MA0-MA7. 



The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57" 
instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
{0.17 mm) larger in both dimensions. 



ORDERING INFORMATION 

RCA Microprocessor device packages are 
identified by letters indicated in the follow- 
ing chart. When ordering a Microprocessor 
device, It Is important that the appropriate 
suffix letter be affixed to the type number of 
the device. 



Package 


Suffix Letter 


Dual-ln-Line Side-Brazed 




Ceramic 


D 


Dual-ln-Line Plastic 


E 


Chip 


H 



where tc = 



CPU clock frequency 



For example, a CDP1831 in a dual-In-line 
plastic package will be Identified as the 
CDP1831E. A CDP1831C chip will be iden- 
tified as the CDP1831CH. 
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RCA CMOS LSI Products 



CDP1832, CDP1832C 



MA7 


1 ^ 24 


h-^DD 


MA6 


2 23 


A8 


MAS 


3 22 


— NC 


MA4 


4 21 


— NC 


MA3 


5 20 


— C5 


MA2 — 


6 19 


NC 


MAI 


7 18 


— NC 


MAO 


8 17 


BUS 7 


BUSO 


9 16 


— BUS 6 


BUS 1 — 


10 15 


— BUSS 


BUS 2 


II 14 


— BUS 4 


vss— 


12 13 


— BUSS 




TOP VIEW 




NC» NO CONNECTION 


92CS-27579R2 


TERMINAL ASSIGNMENT 



512-Word X 8-Bit Static 
Read-Only IVIemory 

Features: 

■ Compatible with CDP1800 and CDAOOO-series 
devices 

■ Functional replacement for Industry type 
2704 512 X 8 EPROM 

■ Three-state outputs 



The RCA CDP1832 and CDP1832C types 
are 4096-bit mask-programmable CMOS 
read-only memories organized as 512 
words X 8 bits and designed for use in 
CDP1800-series microprocessor systems. 
(See PD30, "ROM Purchase Policy and 
Data Programming Instructions.") 

The CDP1832 ROM's are completely static; 
no clocks are required. 

A Chip-Select Input (CS) is provided for 
memory expansion. Outputs are enabled 
when dS=0. 



The CDP1832 is a pin-for-pjn compatible 
replacement for the industry types 2704 
EPROM. 

The CDP1832C is functionally identical to 
the CDP1832. The CDP1832 has a 
operating voltage range of 4 to 10.5 volts, 
and the CDP1832C has a operating voltage 
range of 4 to 6.5 volts. 

The CDP1832 and CDP1832C are supplied 
in 24-lead, hermetic, dual-In-line, side- 
brazed, ceramic packages (P suffix) and in 
24-lead dual-in-line plastic packages (E 
suffix). The CDP1832C is also available in 
chip form (H suffix). 




-<=^ 



ADDRESS 
LATCH 



:i:-_-_:C 



m 



MRP 



MWR 



CDU 
CDPI802 



NQ-N2 MW 



^ 



TPB 



INfgftftU^t 



:> 




8 BIT BIDIRECTIONAL DATA BUS 



JNTROL^ 



92CS-275aOR3 



Fig. 1 - Typical CDP1802 microprocessor system. 
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1800-Series Memories 



CDP1832, CDP1832C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) 

CDP1 832 -0,5 to +1 1 V 

CDP1832C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta=+60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mV/^C to 200 mW 

For Ta=-55 to +100° C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125° C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265°C 

OPERATING CONDITIONS at Ta=FuII Package-Temperature Range. For maximum 

reliability, operating conditions siiould be selected so that operation is always within the 

following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1832 


CDP1832C 


Min. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vqd ±5%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 1 


UNITS 


vo 

(V) 


VlN 
(V) 


Vdd 

(V) 


CDP1832 


CDP1832C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, Idd 




5 
10 


5 
10 


— 


0.01 

1 


50 
200 


_ 


0.02 


200 


mA 


Output Low Drive 
(Sink) Current, Iql 


0.4 
0.5 


0,5 
0. 10 


5 
10 


0.55 
1.30 


— 


— 


0.55 


— 




mA 


Output High Drive 
(Source) Curren^t, Iqh 


4.6 
9.5 


0,5 
0, 10 


5 
10 


-0.35 
-0.65 


- 


- 


-0.35 


- 


— 


Output Voltage 
Low- Level, Vql 


— 


0,5 
0, 10 


5 
10 


— 






0.1 
0.1 


— 





0.1 


V 


Output Voltage 
High Level. Vqh 


— 


0,5 
0, 10 


5 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— 


Input Low 
Voltage, V|l 


0.5,4.5 
1.9 


I 


5 
10 


— 


— 


1.5 
3 


— 


— 


1.5 


Input High 
Voltage, Vjh 


0.5,4.5 
1,9 


— 


5 
10 


3.5 

7 


— 


— 


3.5 


— 


— 


Input Leakage 
Current, I||nj 


Any 
Input 


0,5 
0, 10 


5 
10 


— 


±10-4 
±10-4 


±1 
±2 


— 


±10-4 


±1 


xA 


3-State Output Leakage 
Current, IquT 


0,5 
0, 10 


0,5 
0, 10 


5 
10 


— 


±10-4 
±10-4 


±1 

±2 


I 


±10-4 


±1 


Input Capacitance, 
C|N 




- 


- 


— 


5 


7.5 


- 


5 


7.5 


pF 


Output Capacitance, 
COUT 


-- 


- 


- 


— 


10 


15 


— 


10 


15 


Operating Device 
Current, JDoif 




0,5 
0, 10 


5 
10 


— 


5 
10 


10 
20 


— 


5 


10 


mA 



'Typical values are for 7^=25*' C and nominal Vpo- 
tOutputs open-circuited; cycle tlme=2.5 ^s. 
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RCA CMOS LSI Products 



CDP1 832, CDP1 8320 



MAO-|- 
MAI — 
MA2~^ 
MA3-^ 
MA4-^ 
MA5-^ 
MA6-^ 
MA7- ' 



.23. 



BUFFERS 

AND 
DECODERS 



512 X8 

STORAGE 

CELL 

ARRAY 



OUTPUT 
BUFFERS 



CS-: 



FUNCTIONAL DIAGRAM 



Fig. 2 - Functional diagram. 



Voo • 2< 

Vss ' 12 

92CS-2758IR1 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85** C, Vdd ±5%, 
Input tr,tf=10 ns, Cl=50 pF, Rl=200 kQ 



CHARACTERISTIC 


TEST 

conditions 
Vdd 

(V) 


LIMITS 


UNITS 


CDP1832 


CDP1832C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Access Time From 
Address Change, tAA 


5 
10 


— 


850 
400 


1000 
500 


— 


850 


1000 


ns 


Access Time From Chip 
Select, tACS 


5 
10 


— 


400 
200 


550 
250 


— 


400 


550 


Chip Select Delay, tcs 


5 
10 


— 


200 
100 


250 
130 


— 


200 


250 



' Time required by a typical device to allow for the indicated function. Typical values are for 
1^=25" C and nominal Vqd- 



MEMORY ADDRESS 



X 



cS- 



OUTPUT 

, ACTIVE LOW/ 



VALID 
DATA 



92CS-3I055R2 



Fig. 3 - Timing waveforms. 



OPERATING AND HANDLING 
CONSIDERATIONS 



1. Handling 

All inputs and outputs of RCA CMOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described in ICAN-6525 
"Guide to Better Handling and Opera- 
tion of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 
these conditions must not cause Vdd-Vss 



to exceed the absolute maximum rating. 

input Signals 

To prevent damage to the Input protec- 
tion circuit, input signals should never 
be greater than Vdd nor less than Vss. 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused Input termi- 
nals must be connected to either Vdd or 
Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss may 
damage CMOS devices by exceeding 
the maximum device dissipation. 
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1800-Series Memories 



CDP1832, CDP1832C 




164-172 
1(4.166-4.368) 



I 
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Dimensions and pad layout for CDP1832CH. 



Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (tO"^ 
inch). 



The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57° 
instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
{0.17 mm) larger in both dimensions. 



DIMENSIONAL OUTLINES 

(D) SUFFIX 

24-Lead Dual-tn-Line Side-Brazed Ceramic Package 




NOTES: 

1. Leads within 0.005" (0.13 mm) radius of True Position 
at maximum material condition. 

2. Center to center of leads when formed parallel. 

3. When this device is supplied solder dipped, the maximum 
lead thickness (narrow portion) will not exceed 0.013" 
(0.33 mm). 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS 1 


MIN: 


MAX. 


MIN. 


MAX. 


A 


1.180 


1.220 




29.98 


30.98 


C 


0.085 


0.145 




2.16 


3.68 


D 


0.015 


0.023 




0.39 


0.58 


F 


0.040 REF. 




1.02 REF. 


G 


0.100 BSC 


1 


2.54 BSC 


H 


0.030 


0.070 




0.77 


1.77 


J 


0.008 


0.012 


3 


0.21 


0.30 


K 


0.125 


0.175 




3.18 


4.44 


L 


0.580 


0.620 


2 


14.74 


15.74 


M 


_ 


7° 




- 


7° 


P 


0.025 


0.050 




0.64 


1.27 


N 


24 




"24 1 



92CS-30986R1 
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RCA CMOS LSI Products 



CDP1833, CDP1833C, CDP1833BC 









MA7 — 


1 ^ 24 


— Vdd 


MAS — 


2 23 


— TPA 


MA5 — 


3 22 


— CEI 


MA4 — 


4 21 


— CSI 


MA3 — 


5 20 


— CS2 


MA2 — 


6 19 


1 — mo 


MAI — 


7 18 


— CEO 


MAO — 


8 17 


— BUS7 


BUSO — 


9 16 


— BUS6 


BUSI — 


10 15 


— BUSS 


BUS2 — 


II 14 


— BUS4 


vss — 


12 13 


— BUS3 




TOP VIEW 




92CS-28889R2 


TERMINAL ASSIGNMENT 



CMOS 1024-Word x 8-Bit Static 
Read-Only IVIemoiy 



Features: 

■ CDP1833BC is compatible with the CDP1802BC 5 MHz microprocessor 

■ On-chip address iatch 

■ Interfaces with CDP1800-series microprocessors without additional 

components 

■ Optional programmable location within 64K memory space 

■ Three-state outputs 



The RCA-CDP1 833, CDP1833C. and CDP1833BC are static 
8192-bit mask-programmable CMOS read-only memories 
organized as 1 024-words x 8 bits and are completely static; 
no clocks are required. They will directly interface with the 
CDP1800-series microprocessors without additional 
components. 



The CDP1833, CDP1833C, and CDP1833BC respond to a 
16-bit address multiplexed on 8 address lines. Address 
latches are provided on-chip to store the 8 most significant 
bits of the 16-blt address. By mask option, this ROM can be 
programmed to operate in any 1024-word block within 64K 
memory space. Tl^e polarity of the high-address strobe 
(TPA), CEI, CSI, and CS2 are user mask-programmable. 
(See RPP-610, "Sales Policy and Data Programming 
Instructions", for RCA Custom ROMs). 



The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be 
connected in a daisy chain to control selection of RAM 
memory in a microprocessor system without additional 
components. 

The CDP1833C and CDP1833BC are functionally Identical 
to the CDP1833. The CDP1833 has a recommended 
operating voltage range of 4 to 1 0.5 volts, and the CDP1 833C 
and CDP1833BC have a recommended operating voltage 
range of 4 to 6.5 volts. The CDP1833BC is designed to 
interface with the CDP1802BC microprocessor. 

The CDP1833, CDP1833C, and CDP1833BC are supplied 
in 24-lead hermetic dual-in-line side-brazed ceramic 
package (D suffix) and 24-lead dual-in-line plastic package 
(E suffix). The CDPr833C is also available in chip form (H 
suffix). 



^:rx 



'// ROM 
5CDPI833/ 



V/, 



MRP 







MRP 






CPU 

CDPI800 
SERIES 



C 



N0-N2 MRP 



^ 



TPB 



INTERRUPT 



^ 



PMA-IN PMA-QV T 



(] EFI-E^ 



8-BIT BIPIRECTIONAL PATA BUS 



0ATA 



:> 



C ^CONTROL^ 



Fig. 1 - Typical CDP1800 Series microprocessor system. 
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1800-Serles Memories 

CDP1833, CDP1833C, CDP1833BC 

MAXIMUM RAJiHGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) 

CDP1833 -0.5to+11V 

CDP1833C, CDP1833BC -0 6 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS \'.'.'.'.'.'.'.'.'. -0 5*to Vdd +0 5 V 

DC INPUT CURRENT, ANY ONE INPUT ' ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60'» C (PACKAGE TYPE E) 500 mW 

For TA = +60 to +85»C (PACKAGE TYPE E) Derate Linearly at 12 mV/«C to 200 mW 

For TA = -55 to +100*'C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to 125«C (PACKAGE TYPE D) Derate Linearly at '12 *mW/»C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Packages) 10f 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED -55to+12t> . 

PACKAGE TYPE E -40to+85oC 

STORAGE TEMPERATURE RANGE (Tstg) .65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s max +265*0 



OPERATING CONDITIONS at Ta = -40° to +85° C 

For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 



DC Operating Voltage Range 



Input Voltage Range 



LIMITS 



CDP1833 



MIn. 



Vss 



Max. 



10.5 



Vdd 



CDP1833C, CDP1833BC 



Min. 



Vss 



Max. 



6.5 



Vdd 



UNITS 



I 




Fig. 2 - Functional diagram. 



RCA CMOS LSI Products 



CDP1833, CDP1833C, CDP1833BC 

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


ViN 

(V) 


Vdd 
(V) 


CDP1833 


CDP1833C, CDP1833BC 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device Current Idd 


— 


5 


5 


— 


0.01 


50 


— 


0.02 


200 


M 


— 


10 


10 


— 


1 


200 


— 


— 


«_ 


Output Low Drive 
(Sink) Current Iol 


0.4 


0.5 


5 


0.8 


— 


— 


0.8 


_■ 


— 


mA 


0.5 


0,10 


10 


1.8 


— 


— 


— 


— 


— 


Output High Drive 
(Source) Current Ioh 


4.6 


0,5 


5 


-0.8 


— 


— 


-0.8 


— 


— 


9.5 


0,10 


10 


-1.8 


— 


- 


- 


— 


— 


Output Voltage 
Low-Level Vol 


— 


0,5 


5 


— 





0.1 


— 





0.1 


V 


— 


0,10 


10 


— 





0.1 


— 


-- 


— 


Output Voltage 
High Level Voh 


— 


0,5 


5 


4.9 


5 


— 


4.9 


5 


— 


— 


0,10 


10 


9.9 


10 


— 


— 


— 


- 


Input Low 
Voltage Vil 


0.5,4.5 


— 


5 


— 


— 


1.5 


— 


— 


1.5 


1,9 


— 


10 


- 


- 


3 


— , 


— 


- 


Input High 
Voltage Vih 


0.5,4.5 


— 


5 


3.5 


- 


- 


3.5 


- 


- 


1.9 


— 


10 


7 


— 


- 


— 


- 


- 


Input Leakage 
Current Iin 


Any 
Input 


0,5 


5 


— 


±10-4 


±1 


— 


±10-4 


±1 


M 


0,10 


10 


— 


±10-4 


±2 


— 


— . 


— 


3-State Output 
Current Iout 


0,5 


0,5 


5 


— 


±10-4 


±1 


— 


±10-4 


±1 


0,10 


0,10 


10 


— 


±10-4 


±2 


— 


— 


_ 


Operating Device 
Current looif 


— 


0,5 


5 


— 


7 


10 


— 


7 


10 


mA 


— 


0,10 


10 


— 


14 


20 


— 


— 


— 


Input Capacitance On 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance Cout 


— 


— 


— 


— 


10 


15 


— 


10 


15 



* Typical values are for Ta = 25° C and nominal 
t Outputs open-circuit; cycle time = 2.5 /us. 



Vdd. 



8-bit bidirectional data bus 



0: 



w^ 



CHP SELECT 
SIGNAL 



ROM 

No. I 

CDPt833 



OS 

in 



:> 



tim 



ROM 

No. 2 

CDP1833 



tim 



> 



Wb 



CS 



92C8-3I973 



fig. 3 - Daisy chaining CDP1833's. 



"Daisy Chaining" with CEI inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system. In the above configuration, if ROM #1 was masked- 
programmed for memory locations 0000-03FFi6 and ROM 



#2 masked-programmed for memory locations 0400i6- 
07FF16, for address from 0000-07FFi6 the RAM would be 
disabled and the ROM enabled. For locations above 07FFi6 
the ROM's would be disabled and the RAM enabled. 
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1800-Series Memories 



CDP1833, CDP1833C, CDP1833BC 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to =85** C, Vdd ± 5%, 
Input t^, tr = 10 ns, Cl = 50 pF, Rl = 200 kO 



CHARACTERISTIC 


TEST 

CONDITIONS 

Vdd (V) 


LIMITS 


UNITS 


CDP1833 


CDP1833C 


CDP1833BC 


Mln.# 


Typ.# 


Max. 


Mln.# 


Typ.* 


Max. 


Min.# 


Typ.« 


Max. 


Access Time From 
Address Change tAA 


5 





650 


775 


- 


650 


775 


— 


576 


700 


ns 


10 


— 


350 


425 


- 


— 


- 


~ 


— 


— 


Access Time From 
Chip Select tAcs 


5 


— 


500 


625 


— 


500 


625 


- 


475 


600 


10 


— 


275 


310 


— 


. — 


— 


— 


— 


— 


Chip Select Delay tcs 


5 


— 


250 


320 


-_ 


250 


320 


— 


250 


320 


10 


- 


125 


180 


— 


— 


— 


— 


— 


— 


Address Setup Time tAs 


5 


75 


50 


— 


75 


50 


— 


75 


50 


— 


10 


40 


25 


— 


— 


— 


— 


— 


— 


— 


Address Hold Time tAH 


5 


100 


75 


— 


100 


75 


— 


75 


50 


~ 


10 


50 


30 


— 


— 


— 


— 


— 


— 


- — 


Read Delay tMRo 


5 


— 


400 


500 


— 


400 


500 


— 


400 


600 


10 


- 


200 


275 


- 


— 


- • 


— 


— 


— 


Chip Enable Output 
Delay from Address tcA 


5 


— 


120 


170 


~ 


120 


170 


— 


120 


170 


10 


— 


70 


100 




— 


— 


— 


— 


— 


Bus Contention Delay to 


5 


— 


220 


270 




220 


270 


— 


220 


270 


10 


— 


130 


150 


— 


— 


— 


— 


— 


— 


TPA Pulse Width tPAw 


5 


200 


__ 


— 


200 


— 


_ 


175 


— 


~ 


10 


70 


— 


— 




— 


— 


— 


— 


— 


Chip Enable In to 
Chip Enable Out 
Delay tcEio 


5 


~ 


200 


250 


— 


200 


250 


— 


200 


250 


10 


- 


100 


150 


— 


— 


— 


— 


— 


— 



# Time required by a limit device to allow for the indicated function. 

• Time required by a typical device to allow for the indicated function. Typical values are for 

Ta = 25*^ C and nominal voltages. 



XHIGH ORDER \f 
ADDRESS BYTE / \ 



J^ *PAW~*^S. 



MRD 



\ 



LOW ORDER 
ADDRESS BYTE 



"'mrd 



}( 



HIGH IMPEDANCE 



-'^r 



1^ OUTPUT V^ 
\ ACTIVE A 



VALID DATA 



92CM-3I039R2 



I 



F/g. 4 - Timing waveforms. 
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RCA CMOS LSI Products 

CDP1833, CDP1833C, CDP1833BC 



20 40 




203-211 
(5 157-5.359) 



(0. 102-0254) 



(4.242-4.445) 



Dimensions and pad layout for CDP1833CH. 



Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (W^ 
inch). 



Note: 

The dynamic characteristics and timing diagrams indicate 
maximum performance capability of the CDP1833. When 
used directlywith a CDP1800-series microprocessor, timing 
will be determined by the clock frequency and internal 
delays of the microprocessor. 

The following general timing relationships will hold when 
the CDP1833 is used with a CDPIBOO-series micro- 
processor. 

tAH = 0.5 tc 
tPAW = 1 tc 

MRD occurs one clock period (tc) earlier than the address 
bits MA0-MA7. 



1 



where tc = 



CPU clock frequency 



The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57° 
instead of 90'* with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
(0.17 mm) larger in both dimensions. 



ORDERING INFORMATION 

RCA Microprocessor device packages ai'e Identified by 
letters indicated in the following chart. When ordering a 
IVIicroprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 
Package Suffix Letter 

Dual-in-Llne Side Brazed Ceramic D 

Dual-in-Line Plastic E 

Chip H 

For example, a CDP1833 in a dual-In-line plastic package 
will be identified as the CDP1833E. A CDP1833C chip will 
be identified as the CDP1833CH. 
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1800-Series Memories 



CDP1834, CDP1834C 



MA7 — 


1 ^ 24 


k-VOD 


MA6 — 


2 29 


— MAB 


MA9 — 


9 22 


— MA9 


MA4 — 


4 21 


— NC 


MA9 — 


9 20 


— CSI 


MA2 — 


6 19 


— NC 


MAI — 


7 18 


— CS2 


MAO-^ 


8 17 


-— BUS7 


BUSO — 


9 16 


— BUS6 


BUSI — 


10 19 


— BUS9 


BU82 — 


n 14 


— BUS4 


Vss — 


12 19 


— BUS9 




TOP VIEW 




NC * NO CONNECTION 


•2CS -26727 


CDI»1834, CDI»1834C 


TERMINAL ASSIGNMENT 



1028-Word x 8-Bit Static 
Read-only Memory 



Features 

■ Industry pin compatible 
m Three-State outputs 



The RCA-CDP1834 and CDP1834C are 8192-bit mask- 
programmable CMOS read-only memories organized as 
1024-words X 8-blts and designed for use in CDP1800- 
series microprocessor systems. The CDP1 834-serles ROM's 
are completely static; no clocks are required. 



TwoChlp-Select inputs (CSI, CS2) are provided for memory 
expansion. The polarity of each Chip-Select is user mask- 
programmable. (See PD30. "ROM Purchase Policy and 



Data Programming Instructions"). The CDP1834-series is 
pin-compatible with industry type 2708 EPROM. The 
CDP1834C is functionally Identical to the CDP1834. The 
CDP1834 has a recommended operating voltage range of 4 
to 10.5 volts and the CDP1834C has a recommended 
operating voltage range of 4 to 6.5 volts. The CDP1834 and 
the CDP1 834C are supplied in 24-lead dual-in-line ceramic 
packages (D suffix) and in 24-lead dual-in-line plastic 
packages (E suffix). The CDP1 834C is also available in chip 
form (H suffix). 



I 




92CM-32226 



Fig. 1 - Typical CD PI 802 microprocessor system. 
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RCA CMOS LSI Products 



CDP1834, CDP1834C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd)" 
(All voltage values referenced to Vss terminal) 

GDP1834 0.5 to +11 V 

CDP1834C -0.6 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60*' C (PACKAGE TYPE E) 600 mW 

For Ta = +60 to +85*'C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100** C (PACKAGE TYPE D) 600 mW 

For Ta = 100 to +125''C (PACKAGE TYPE D) Derate Linearly at 12 mW/^C to 200 mVV 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +126*'C 

PACKAGE TYPE E -40 to +85*' C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +160*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max +266''C 



STATIC ELECTRICAL CHARACTERISTICS at 


Ta = -40 to +85° 


CVdd 


5%, Except as noted 








CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1834 


CDP1834C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device Current 'OD 


— 


5 
10 


5 
10 


— 


0.01 

1 


50 
200 


— 


0.02 


200 


M 


Output Low, Drive 
(Sink) Current Iql 


0.4 
0.5 


0.5 
0,10 


5 
10 


0.8 
1.8 


. — 




0.8 


— 


, 


mA 


Output High Drive 
(Source) Current loH 


4.6 
9.5 


0,5 
0,10 


5 
10 


-0.8 
-1.8 


— 





-0.8 





— 


Output Voltage Low-Level Vql 


— 


0,5 
0,10 


5 
10 


— 






0.1 
0.1 


I 





0.1 


V 


Output Voltage High Level Vqh 


— 


0,5 
0,10 


5 

10 


4.9 
9.9 


5 
10 


I 


4.9 


5 


I 


Input Low Voltage V|l 


0.5, 4.5 
1,9 


— 


5 

10 


— 


— 


1.5 
3 


I 


I 


1.5 


Input High Voltage V|h 


0.5, 4.5 
1.9 


— 


5 

10 


3.5 

7 


— 


— 


3.5 


— 


— 


Input Leakage Current 'IN 


Any 
Input 


0,5 
0,10 


5 
10 


— 


— 


±1 
±2 


__ 


_ 


±1 


/uA 


3-State Output 
Leakage Current 'OUT 


0,5 
0.10 


5 
10 


5 
10 


— 


.__ 


±1 
±2 








±1 


Input Capacitance C|n 


— 


— 


— 


— 


5 


7.5 


— 


6 


7.5 


pf" 


Output Capacitance Cqut 


— 


— 


— 


— 


10 


15 


— 


10 


15 


Operating Device Current lODIf 


- 


0,5 
0,10 


5 
10 


- 


7 
14 


10 
20 


— 


7 


10 


mA 



*TypJcal values are for Ta = 26** C and nominal Vdq. 
fOutputs open-circuited; cycle time = 2.5 yus. 
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1800-Serles Memories 



CDP1834, CDP1834C 

OPERATING CONDITIONS at T>\ = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1834 


CDP1834C 


MIn. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


vss 


vdd 


Vss 


Vdd 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to + 85^0, VpD ± 5%, Input tp tf = 10 ns, Cl = 50 pF, Rl = 200 kO 



CHARACTERISTIC 


TEST 

conditions 
Vdd 

(V) 


LIMITS 


UNITS 


CDP1834 


CDP1834C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Access Time from Address Change, 
tAA 


5 
10 


I 


575 
350 


750 
425 


I 


575 


750 


ns 


Access Time from Chip Select, 
tACS 


5 
10 


— 


600 
325 


700 
410 


— 


600 


700 


ns 


Chip Select Delay, 

tcs 


5 
10 


— 


480 
250 


580 
340 


— 


480 


580 


ns 



I 



*Typical values are for Ta = 25° C and nominal Vdd- 



>c 



. HIGH IMPEDANCE 



<cs-*| 



Kinyc 



OUTPUTS 
ACTIVE 



VALID DATA 

92CS-289l9m 



Fig. 2 - Timing waveforms. 



MAI- 
MA2- 
MA3- 
MA4- 
MA5- 
MA6- 
MA7- 



BUFFERS 

AND 
DECODERS 



CS 
CS2 



;iO 



1024 X 8 

STORAGE 

CELL 

ARRAY 



OUTPUT 
BUFFERS 



Vdd = 24 
Vss = 12 



Fig. 3 - Functional diagram. 
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RCA CMOS LSI Products 



CDP1834, CDP1834C 



CSI CS2 

\ 20 \ 40 



PAD Nos. 18-21 DIFFER FROM 
PACKAGE TERMINAL NoS' 18-21 
100 120 140 160 170 




(0102-0 254) 



(4.242-4.445) 



Dimensions and pad layout for CDP1834CH chip. 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10r^ inch). 



The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57'' instead of 90° with respect to the face 
of the chip. Therefore, the isolated chip is actually 7 
mils (0. 1 7 mm) larger in both dimensions. 



2. 



OPERATING & HANDLING CONSIDERATIONS 

Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling pratices for CMOS devices 
are described in ICAN-6526 "Guide to Better Handling 
and Operation of CMOS integrated Circuits". 
Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should betaken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vqd "" Vss to exceed the absolute maximum 



rating. 

Input signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vdd nor '©ss than 
Vss- 'nput currents must not exceed 10 mA even when 
the power supply Is off. 

Unused Inputs 
A connection must be provided at every Input terminal. 
All unused input terminals must be connected to either 
Vdd or Vss. whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vdd or Vss niay damage CMOS 
devices by exceeding the maximum device dissipation. 
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1800-Series Memories 



MA7 — 


1 ^ 24 


l—Vdd 


MA6 — 


2 23 


TPA 


MAS — 


3 22 


— CEI 


MA4 — 


4 21 


— CSI 


MA3 — 1 


5 20 


— CS2 


MA2 — 


6 19 


— MRD 


MAI 


7 18 


— CEO 


MAO 


8 17 


— BUS7 


BUSO — 


9 16 


— BUS6 


BUSI 


10 15 


— BUSS 


BUS2 — 


11 14 


— BUS4 


Vss — 


12 13 


BUS3 




TOP VIEW 




92CS-33I88 


Terminal Assignment 



Objective Data 

CMOS 2048-Word x 8-Bit Static 
Read-Oniy l\/lemory 



Features: 

■ Compatible with CDPWOO- and CD4000-series 
devices 

m On-chip address latch 

■ Interfaces with CDPWOO-series microprocessors 
{fcL ^ 5 MHz) without additional components 

■ Optional programmable location within 64K 
memory space 

m 3-state outputs 



CDP1835C 



The RCA CDP1835C is a 16384-bit mask-programmable 
CMOS read-only memory organized as 2048 words x 8 bits 
and is completely static; no clocks required. It will directly 
interface with CDP1800-series microprocessors that have 
clock frequencies up to 5 MHz without additional 
components. 

The CDP1 835C responds to 16-bit address multiplexed on 8 
address lines. Address latches are provided on-chip to store 
the 8 most significant bits of the 16-bit address. By mask 
option, this ROM can be programmed to operate in any 
2048-word block of 64K memory space. The polarity of the 
high address strobe (TPA), CEI, CS1 and CS2 are user 
mask-programmable. 



(See Data Programming Instructions in this data sheet.) 
The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be con- 
nected in a daisy chain to control selection of RAM memory 
in a microprocessor system withoutadditional components. 

The CDP1835C has a recommended operating voltage 
range of 4 to 6.5 volts. 

The CDP1835C is supplied in24-lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix) and 24-lead dual- 
in-line plastic packages (E suffix). 



I 



CLEAR WAIT 




92CM-33l92Ri 



Fig. 1 — Typical CDPWOO Series microprocessor system. 
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RCA CMOS LSI Products 

CDP1835C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd): 
(All voltage values referenced to Vss terminal) 
CDP1835C -0.5 to + 7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to + 60" C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85''C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to + 100" C (PACKAGE TYPE D) 500 mW 

For Ta = + 100 to + 125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/''C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125''C 

PACKAGE TYPE E -40 to + 85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to + 150"C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265'*C 



OPERATING CONDITIONS at Ta = Full Package Temperature 

For maximum reliability, nominal operating conditions should be selected so that operation is always within 

the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1835C 


MIN. 


MAX. 


DC Operating Voltage Range 


4 


6.6 


V 


Input Voltage Range 


Vss 


Vdd 



MA7- 
MA6- 
MA5- 
MA4~ 
MA3- 
MA2- 
MA1 - 
MAO- 
MRD- 
TPA - 



ADDRESS 

LATCH, 
CONTROL 
CIRCUIT, 

AND 
DECODER 



-►Vdd 

-►Vss 



2048x8 

STORAGE 

ARRAY 



est 



SI> 



ao 



OUTPUT 
BUFFERS 



-► BUS 7 
-► BUS 6 



-> BUS 5 
-► BUS 4 



•^ BUS 3 
-> BUS 2 



-► BUS 1 
-► BUSO 



O' 



92CM-35II0 



Fig. 2 — Functional diagram. 
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1800-Series Memories 



CDP1835C 



STATIC ELECTRICAL CHARACTERISTICS af Ta == - 


40 to -^85° 


C, VoD ± 5%. except 


as noted 






CHARACTERISTIC 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1835C 


MIN. 


TYP.* 


MAX. 


Quiescent Device Current Idd 




5 


5 


— 


5 


50 


//A 


Output Low Drive (Sinl<) Current Iol 


0.4 


0,5 


5 


0.8 


1.6 


-- 


mA 


Output High Drive (Source Current) Ioh 


4.6 


0,5 


5 


-0.8 


-1.6 


- 


Output Voltage Low-Level Vol 


— 


0,5 


5 


— 





0.1 


V 


Output Voltage High-Level Voh 


— 


0,5 


5 


4.9 


5 


— 


Input Low Voltage Vil 


0.5.4.5 


— 


5 


— 


— 


1.5 


V 


Input High Voltage Vih 


0.5,4.5 


— 


5 


3.5 


— 


— 


Input Leakage Current (Any Input) Iin 


— 


0,5 


5 


— 


— 


±1 


//A 


3-State Output Leakage Current Iout 


0,5 


0.5 


5 


— 


— . 


±2 


Input Capacitance CtN 


_ 


— 


^ 


— 


5 


7.5 


PF 


Output Capacitance Cout 


~ 


— 


— 


_ 


10 


15 


Operating Device Current IoperH 


— 


0,5 


5 


- 


5 


10 


mA 



*Typical values are for Ta = 25° and nominal Vod. 
■Outputs open circuited; cycle time = 1 /js. 



I 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, 1/dd ±t 
Input tr, ti= 10 ns, Cl= 100 pF, 1 TTL Load 



CHARACTERISTIC 


TEST 
CONDITIONS 

Vdd (V) 


LIMITS 


UNITS 


CDP1835C 


MIN.f 


TYP.* 


MAX. 


Access Time from Address Cliange tAA 


5 


_ 


— 


550 


ns 


Chip Select Delay tcs 


5 


- 


- 


200 


Address Setup Time tAs 


5 


50 


— 


— 


Address Hold Time tAH 


5 


70 


— 


— 


Output Active from MRD tiviRoi 


5 


— 


— 


100 


Output Valid from MRD tMRoa 


5 


— 


— 


600 


Output Active from TPA ttPAi 


5 


— 


— 


100 


Output Valid from TPA Upaz 


5 


_ 


_ 


60 


Chin Enable Output Delay from Address tcA 


5 


_ 


_ 


100 


Bus Contention Delay to 


5 


_ 


_ 


200 


TPA Pulse Width tpAw 


5 


125 


— 


_ 


Chip Enable In to Chip Enable Out Delay tceio 


5 


— 


— 


100 



*Typical values are for Ta = 25** C and nominal Vdd- 

ftime required by a limit device to allow for the indicated function. 
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RCA CMOS LSI Products 



CDP1835C 



"///}( HIGH ORDER \f 
/ / / //\MiXin^%% BYTE / \ 



f^ 'RAW^V 



LOW ORDER 
ADDRESS BYTE 



-♦aa- 



'TWS"" 



-♦tpTi- 



mWo 



'Rfm^ 



*liifp?55' 



HIGH IMPEDANCE 



{OUTPUT \f 



VALID DATA 



»2CM-33ltl||2 



F/g. 3 — Timing waveforms. 



Note: 

The dynamic characteristics and timing diagrams indicate 
maximum performance capability of the CDP1836C. When 
used directly with a CDP1800-serles microprocessor, tim- 
ing will be determined by the clock frequency and internal 
delays of the microprocessor. 

The following general timing relationships will hold when 



the CDP1835C is used with a CDPIBOO-series micro-- 
processor. 

tAH = 0.5tc 
tpAW= 1.0 tc 

^H5 occurs one clock period (tc) earlier than the ad- 
dress bits IVIA0-IVIA7. 



where tc = 



1 



CPU clock frequency 
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Fig. 4 — Daisy cfiaining CDP1835C. 



"Daisy Chaining" with CEI inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system. In the above configuration, if ROM No. 1 was 
masked-programmed for memory locations 0000-07FFi6 
and ROM No. 2 masked-programmed for memory locations 



O8OO16-OFFF16, for addresses from 0000-OFFFie, the RAM 
would be disabled and the ROM enabled. iFor locations 
above OFFFie, the ROMS s would be disabled and the RAM 
enabled. 
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CDP1835C 



ROM ORDERING INFORMATION 



All RCA mask-programmable ROM s are custom-ordered 
devices. ROM program patterns can be submitted to RCA 
by using master device (ROM, PROM or EPROM), a floppy 
diskette generated on an RCA development system, or 
computer punch cards. 



For detailed Instructions, refer to the ROM Information 
Sheet for the CDP1835C and publication "Sales Policy and 
Data Programming Instructions," RPP-610. (Note polarity 
options, columns 41 and 42, Part B,ontheCDP1835CROM 
Information Sheet must be blank). 



ROM INFORMATION SHEET 

How is ROM pattern being submitted to RCA? 
check one Computer Cards D (Complete part B, C, and D) 

Floppy Diskette D (Complete parts A, B, C, D, and F) 

Master Device (PROM) D (Complete parts A, B, C, D, and E) 



< 


6-30 
35-54 
59-63 
65-71 


Customer Name (start at left) 


Address or Division 


II 1 1 1 




1 II II II II 1 1 1 1 1 II II 1 




\ L RCA Custom Number (Obtained from RCA Sales Office) 




1 1 1 1 ROM Type (without CDP prefix), e.q. 1835C 



ffi 

flC 
2 


ROM TYPE ^^ 

^^^ Pin 
^^.^^ Functions 


Circle one letter (P, N, or X) 

In each column (Single Letter Indicates No Choice) 

P = active when logic 1, N = active when logic 0, X = don't care 


CS1 


CS2 






CEI 


TPA 


A15 


A14 


A13 


A12 


A11 


A10 


A9 


CDP1835C 
Polarity Options 


PNX 


PNX 


N 


X 


PX 


PN 


PNX 


PNX 


PNX 


PNX 


PNX 






Column # 


28 


29 


30 


31 


32 


34 


36 


37 


38 


39 


40 


41 


42 



I 



Positive or Negative Logic? 
POS or NEG r 



Q 

< 


Starting address of ROM pattern in Hex. 


H 





lU 

1- 

flC 


If a master device is submitted, 
state type of ROM/PROM: 

Starting and last address 
of data block in the 
Master Device (in Hex). 


1 




















1 





If a diskette is submitted, check type of 






RCA Development System used: 






D CDP18S005 


a CDP18S007 


u. 

1- 

< 




a CDP18S008 

Specify: File Name: 
(check one) 


Specify: Track # [ j 


Software program used: 




(check one) 


a MEM SAVE 




a ROM SAVE 


D SAVE PROM 




D SAVE PROM 
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Sample Card-Deck Printout 



Floppy- Diskette Method 

The diskette contains the ROM address and data inform- 
ation. Title, option, and data-format Information, which 
would otherwise be punched on computer cards, must be 
submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, or CDP18S008) and 
supply a track number or file name, If possible, include a 
printout of the program for verification purposes. The 
format of the address and data Information Is essentially the 
same as that shown on the Sample Card-Deck Printout with 
the addition of a carriage-return character at the end of 
each line and an end-of-flle character (DC3) at the end of 
the file. 



Master-Device Method 

Data may be submitted on a master ROM, PROM, or 
EPROM device. Title, option, and data-format information, 
which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specifiy the master device type; RCA will select 
Intel types 1702, 2332A, 2704, 2708, 2716, 2732, 2758, 
Supertex CM3200, Tl 4732, Motorola MCM68732, and 
Motorola MCM68A332, or their equivalents as well as RCA 
type CDP18U42. If more than one ROM pattern Is stored in 
the master device, the starting address and size of each 
pattern must be stated on separate ROM Information 
Sheets. If the master-device is smaller than 2K bytes, the 
starting address of each master-device must be clearly 
identified. 
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MA7 — 1 


1 ^ 24 


^— Vdd 


MA6 — 


2 23 


— TPA 


MA5 — 


3 22 


— CEI 


MA4 — 


4 21 


— est 


MA3 — 


5 20 


— CS2 


MA2 — 


6 19 


— MRO 


MAI — 


7 18 


— CEO 


MAO — 


8 17 


— BUS7 


BUSO — 


9 16 


— BUS6 


BUSI — 


10 15 


— BUSS 


BUS2 — 


II 14 


— BUS4 


vss — 


12 13 


— BUS3 




TOP VIEW 
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TERMINAL ASSIGNMENT 



Objective Data 

4096-Word x 8-Bit Static 
Read-Oniy l\/lemory 



CDP1837C 



Features: 

■ On-chip address latch 

■ Interfaces with CDP1800-series microprocessors 

(fc/ock < 5 MHz) without additional components 

■ Optional programmable location within 64 K memory space 

■ Three-state outputs 



The RCA-CDP1837C is a 32768-bit mask-programmable 
CMOS read-only memory, organized as 4096 words x 8 bits 
and is completely static: no clocks required. It will directly 
interface with CDP1800-series microprocessors, having 
clock frequencies up to 5 MHz, without additional 
components. 

The CDP1 837C responds to a 1 6-bit address multiplexed on 
8 address lines. Address latches are provided on chip for 
storing the high byte address data. By mask option, this 
ROM can be programmed to operate In any 4096-word 
block of 64-K memor y spa ce. The polarity of the high 
address strobe (TPA), MRD, CEI, CS1, and CS2 are user 
mask-programmable. 



(See RPP-610, "Sales Policy and Data Programming 
Instructions", for RCA custom ROM's). 

The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be connected 
in a daisy chain to control selection of RAM memory in a 
microprocessor system without additional components. 

The CDP1837C has a recommended operating voltage 
range of 4 to 6.5 volts. 

The CDP1837C is supplied in 24-lead heremetic dual-in- 
line side-brazed ceramic packages (D suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 



I 



CLEAR WAIT 




Fig. 1 - Typical CDP1800 Series microprocessor system. 
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CDP1837C 

MAXIMUM RATING, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd): 
(All voltages referenced to Vss terminal) 
CDP1837C -0.5 to ->-7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VDD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60« C (PACKAGE TYPE E) 600 mW 

For Ta = +60 to +85«C (PACKAGE TYPE E) Derate Linearly at 12 mW/«C to 200 mW 

For Ta = -55 to +100*0 (PACKAGE TYPE D) , 500 mW 

For Ta = +100 to +125''C (PACKAGE TYPE D) Derate Linearly at 12 mW/«C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPE D -55 to +125«C 

PACKAGE TYPE E -40 to +86'C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150«C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) from case for 10 s max +265*0 



OPERATING CONDITIONS at Ta = FULL PACKAGE-TEMPERATURE flANGE 

For nnaximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1837C 


MIN. 


MAX. 


Supply-Voltage Range 


4 


6.5 


V 


Recommended Input Voltage Range 


Vss 


Vdd 



MA 7 
MA6 
MAS 
MA4 
MAS 



TPA 

WWb 
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ADDRESS 

LATCH, 
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AND 

DECODER 
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OUTPUT 
BUFFERS 
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-• 
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iJ3>2-c, 



92CM-3SI2I 

Fig. 2 - Functional block diagram. 
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CDP1837C 



STATIC ELECTRICAL CHARACTERISTICS at Ta = ^0 to +85'' C, Vdd ± 5%, except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


ViN 

(V) 


VOD 

(V) 


CDP1837C 


Min. 


Typ.* 


Max. 


Quiescent Device Current . loo 


— 


0,5 


5 


— 


5 


50 


//A 


Output Low Drive (Sinl<) Current Iol 


0.4 


0.5 


5 


0.8 


1.6 


^ 


mA 


Output High Drive (Source) Current Ioh 


4.6 


0,6 


5 


-0.8 


-1.6 


— 


Output Voltage Low-Level Vol 


— 


0,6 


5 


— 





0.1 


V 


Output Voltage High-Level Voh 




0,5 


5 


4.9 


5 


— 


Input Low Voltage Vil 


0.5,4.6 


— 


5 


^ 


_-. 


1.5 


Input High Voltage Vih 


0.5,4.5 


_ 


5 


3.5 


— 




Input Current Iin 


— 


0,5 


5 


_ 


— 


±1 


M 


3-State Output Leakage Current lour 


0,5 


0,5 


5 


_ 


— 


±2 


Operating Current, 1 MHz Iddi* 


— 


0,5 


5 


— 


5 


10 


mA 


Input Capacitance Gin 


— 


— 


— 


— 


5 


7.5 


PF 


Output Capacitance Cout 


— 


— 


— 


— 


10 


15 



I 



*Typlcal values are for Ta = 25° C and nominal Vdd. 
•Outputs open circuited; cycle time 1 //s. 



8 - B IT BIDIRECTIONAL DATA BUS 



»w>: 



WSI^ 



CHP SELECT 

SIGNAL 



IZ 



ROM 
No. I 

CDPI837C 



CEO 



::> 



iz 



ROM 
No. 2 

CDPI837C 



-#|CEI CEO 

CS 



iXWR 



> 



BRB 



\7 



C§ 



92CS-35I22 

F/gf. 3 - DaiBy chaining CDP1837C's. 



"Daisy Chaining" with CEI Inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system. In the above configuration, if ROM No. 1 was 
masked-programmed for memory locations 0000-07FFi6 



and ROM No. 2 masked-programmed for memory locations 
O8OO16-OFFF16, for addresses from OOOO-OFFFie, the RAM 
would be disabled and the ROM, enabled. For locations 
above OFFF16, the ROM's would be disabled and the RAM 
enabled. 
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CDP1837C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd +5%, 
Input tr, ti = 10 ns, Cl = 100 pF, and 1 TTL Load 



CHARACTERISTrC 


CONDITIONS 
Vdd (V) 


LIMITS 


UNITS 


CDP1837C 


Min.# 


Max. 


Access Time from Address Change Ua 


5 


— 


650 


ns 


Chip Select Delay tcs 


5 


— 


200 


Address Setup Time tAs 


5 


60 


— 


Address Hold Time tAH 


5 


70 


— 


Read Delay tMRb 


5 


— 


200 


Chip Enable Output Delay from Address tcA 


5 


— 


100 


Bus Contention Delay to 


5 


— 


200 


TPA Pulse Width tPAw 


5 


125 


— 


Chip Enable In to Chip Enable Out Delay tcEio 


5 


— 


100 



# Time required by a limit device to allow for the indicated function. 



■^( 



MIGH ORDER 
ADDRESS BYT 



r\r: 

LJ\± 



J^ ♦PAW^V 



LOW ORDER 
ADDRESS BYTE 



♦aa" 



MRD 



HIGH IMPEDANCE 



"^RiWD " 




h' 



V^ OUTPUT/^/" 



VALID DATA 



92CM-3SI23 



F/gf. 4 - Timing diagram. 



Note: 



The dynamic characteristics and timing diagrams indicate 
maximum performance capability of the CDP1837C. When 
used directly with a CDP1 800-series microprocessor, timing 
will be determined by the clock frequency and internal 
delays of the microprocessor. 



The following general timing relationships will hold when 
the CDP1837C is used with a CDP1800-series 
microprocessor. 

tAH = 0.5 tc 

tPAW = 1 .0 tc 

MRD occurs one clock period (tc) earlier than the 
address bits MA0-MA7. 



1 



where tc = 



CPU clock frequency 
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ORDERING INFORMATION 

RCA Microprocessor device packages are identified by 
letters indicated in the following chart. When ordering a 
Microprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 

ROM Ordering Information 

AH RCA mask-programmable ROM's are custom ordered 
devices. ROM program patterns can be submitted to RCA 
by using a master device (ROM, PROM, or EPROM), floppy 
diskette generated on a RCA Development System, or 
computer punch cards. 

ROM Information Sheet 



CDP1837C 

Package Suffix Letter 

Dual-in-Line Side Brazed Ceramic D 

Dual-in-Lirte Plastic E 

For example, a CDP1837AC In a dual-in-line plastic package 
will be identified as the CDP1837ACE. 



For detailed instructions refer to the ROM Information 
Sheet for the CDP1837C and publication RPP-610 "Sales 
Policy and Data Programming Instructions" for RCA custom 
ROM's. (Nbte: Polarity options, columns 40, 41, and 42 on 
the CDPia37C ROM Information Sheet must be left blank). 



How Is ROM pattern being submitted to RCA? 

check one Computer Cards O (Complete parts B, C, and D) 

Floppy Diskette D (Complete parts A, B, C, D, and F) 

Master Device (PROM) D (Complete parts A, B, C, D, and E) 



< 


6-30 
35-54 
59-63 
65-71 


Customer Name (start at left) 


1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 




Address or Division 


M M 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 




1 1 1 1 1 RCA Custom Number 




1 1 1 1 1 1 1 ROM Type (without CDP prefix) 





I 



CD 


ROM TYPE >^ 

^^ Pin 
v^ Functions 


Circle one letter (P, N, or X) in each column. 
(A single letter indicates no choice) 
P = active when logic 1, N = active when logic 0, X = don't care 


CS1 


CS2 


MRD 


- 


CE1 


TPA 


A15 


A14 


A13 


A12 


A11 


A10 


AS 


CDP1837C 

Polarity Options 


PNX 


PNX 


P.N 


X 


PX 


PN 


PNX 


PNX 


PNX 


PNX 








Column # 


28 


29 


30 


31 


32 


34 


36 


37 


38 


39 


40 


41 


42 


















O 


Positive or Negative Logic? 








Q 

1- 

2 


Starting address of RO 


M pattern in h 


lex. 






r\jo or rMco r r t"~""| 


Mill 





















If a master device Is submitted. 




state type or ROM/PROM: 


Starting and last address 


^ 


of data block in the 


CL 


Master Device (in Hex). 


1 1 1 1 1 1 1 1 1 1 





II. 

2 


If a diskette is submitted, 
RCA Development Syste 

D CDP18S005 


check type of 

m used. 

D CDP18S007 
D CDP18S008 
Specify: File Name: 


Specify: Track # 1 1 1 


Software program used: 
(check one) 
D ROM SAVE 
D SAVE PROM 


Software program used: 
(check one) 
n MEM SAVE 
D SAVE PROM 
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RCA CMOS LSI Products 



CDP1851,CDP1851C 



CLOCK- •♦ 


1 40 


VOD 


CS--» 


2 39 


RO/WE 


RAO ► 


3 38 


WR/?ig 
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8US0*-»- 
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BUST*-* 
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BRDY*-* 
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B STROBE ♦-♦ 
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♦-►B5 


B04-» 
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19 22 
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vss — 


20 21 


♦-►B2 




TOP VIEW 
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TERIMINAL ASSIGNIMENT 



CMOS Programmable I/O Interface 



Features: 

■ 20 Programmable I/O Lines 

■ Programmable for Operation in Four Modes: 

Input 

Output 

Bidirectional 

Bit-programmable 

■ Operates in Either I/O or Memory Space 



The RCA CDP1851 and CDP1851C are CMOS program- 
mable two-port l/Os designed for use as general-purpose 
I/O devices. They are directly compatible with CDP1800 
series microprocessors functioning at maximum clock 
frequency. Each port can be programmed in either byte-l/0 
or bit-programmable modes for interfacing with peripheral 
devices such as printers and keyboards. 

Both ports A and B can be separately programmed to be 8 
bit input or output ports with handshaking control lines, 
RDY and STROBE. Only port A can be programmed to be a 
bidirectional port. This configuration provides a means for 
communicating with a peripheral device or microprocessor 
system on a single 8 bit bus for both transmitting and 
receiving data. Handshaking signals are provided to 
maintain proper bus access control. Port A handshaking 



lines are used for input control and port B handshaking 
lines are used for output; therefore port B must be in the 
bit-programmable mode where handshaking is not used. 

Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually 
programmed as Input or output when port A is not in 
bidirectional mode- 

The CDP1 851 has a supply-voltage range of 4 to 1 0.6 V, and 
the CDP1851C has a range of 4 to 6.5 V. Both types are 
supplied in 40-lead dual-In-line plastic (E suffix) or hermetic 
ceramic (D suffix) packages. The CDP1 851 C is also available 
in chip form (H suffix). 



CDP1851 Programming Modes 



IMode 


(8) 

Port A 

Data Pins 


(2) 

Port A 

Handshaicing Pins 


(8) 

PortB 

Data Pins 


(2) 

PortB 

Handshaicing Pins 


Input 


Accept input data 


READY. STROBE 


Accept input data 


READY, STROBE 


Output 


Output data 


READY, STROBE 


Output data 


READY, STROBE 


Bidrectional 
(Port A only) 


Transfer input/ 
output data 


Input handshaking 
for Port A 


Must be 

previously set to 

bit-programmable mode 


Output handshaking 
for Port A 


Bit- 
Programmable 


Programmed 

individually as 

inputs or outputs 


Programmed 

individually as 

inputs or outputs 


Programmed 

Individually as 

Inputs or outputs 


Programmed 

individually as 

Inputs or outputs 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP1 851 -0.5 to •►11 V 

CDP1851C -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 tO Vqd ♦O-* V 

DCINPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60«C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85*0 (PACKAGE TYPE E) Derate Lineary at 12 mW/«C to 200 mW 

For Ta = -55 to lOO'^C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +126*0 (PACKAGE TYPE D) Derate Lineary at 12 mW/*C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Type) 40 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D, h' -55 to +125*C 

PACKAGE TYPE E -40 to +85*C 

- STORAGE TEMPERATURE RANGE (Tgtg) -65 tO +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265'C 

OPERATING CONDITIONS at Ta = Full Package-Tern peratura Range. For maximum reliability, operating conditions should 
be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1851 


CDP1851C 


MIN. 


MAX. 


MIN. 


MAX. 


DC Operating Voltage Range 
Input Voltage Range 


4 

Vss 


10.5 

Vdd 


4 

Vss 


6.5 

Vdd 


V 



I 



DATA 
BUS 



<^ 



DATA 

BUS 

BUFFER 



OS 




RAO 




RAI :i 


wr/Rd 


: 


RD/WR Z\ 


421=^ 


-a 



address 
decode 

AND 
READ/ 
WRITE 
LOGIC 



A IFf 



BTNT 



INTERRUPT 
MASKING 

AND 
LOGIC 



SECTION 
A 





AO 




Al f 


J: A2r 




A3: 


^ A4 ^ 




as; 




ASJ 




atJ 


^READY^ 





^ 



MODE 
CONTROL 

AND 

STATUS 

REGISTERS 



2ZZ 



SECTION 
B 



4- 


TT 


-► 




82 




4 


83 






84 






85 






86 






87 




Jf 


«ady: 


^TMSC 



92CM-34326RI 



Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = 



•40 to +85° C, Vdd ± S'^f Except a« notad 



CHARACTERISTIC 


CONDITIONS 


LIMITS 1 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1851 


CDP1851C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device Current 'DD 


— 


0,5 
0,10 


6 
10 


— 


0.01 

1 


60 
200 


— 


0.02 


200 


M 


Output Low Drive 
(Slnl<) Current Iql 


0.4 
0.5 


0,6 
0,10 


6 
10 


1.6 
2.6 


3.2 
6.2 


— 


1.6 


3.2 


— 


mA 


Output High Drive 
(Source) Current (qh 


4.6 
9.5 


0,6 
0,10 


5 
10 


-1.16 
-2.6 


-2.3 
-5.2 


— 


-1.16 


-2.3 


— 


Output Voltage 
Low-Level VoLt 


— 


0.6 
0,10 


6 
10 


— 






0.1 
0.1 


— 





0.1 


V 


Output Voltage 
High Level Vqh* 





0,6 
0,10 


6 
10 


4.9 
9.9 


5 
10 


__ 


4.9 


6 


_ 


Input Low Voltage V|l 


0.5, 4.5 
0.5, 9.5 


: 


5 
10 


: 


: 


1.6 
3 


: 


: 


1.6 


Input High Voltage V|h 


0.5, 4.5 
0.5, 9.5 


— 


5 
10 


3.5 
7 


— 


— 


3.6 


— 


— 


Input Leakage Current 'IN 


Any 
Input 


0,5 
0.10 


5 
10 


— 


— 


±1 
±2 


— 


— 


±1 


M 


3-State Output Leakage 
Current Iqut 


0,5 
0, 10 


0.5 
0,10 


5 
10 


— 


— 


±1 

±1 


: 


— 


±1 


Operating Current 'DD1 


— 


0,5 
0, 10 


5 
10 


— 


1.6 
6 


3 

12 


— 


1.6 


3 


mA 


Input Capacitance Cin 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.6 


PF 


Output Capacitance Cqut 


- 


- 


- 


~ 


10 


15 


- 


10 


15 



•Typical values are for Ta = 25° C and nominal Vqd. 
*'0L = 'OH = 1 M. 

^Operating current is measured at 200 kHz for Vqd = 5 V and 400 kHz for Vqd = "^0 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 

FUNCTIONAL DESCRIPTION 



The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program- 
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: A RDY and A STROBE for input, 
B RDY and B STROBE for output. If port A*is programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be Individually programmed for input or output in the bit- 
programmable mode. Since handshaking is not used In this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 

Input Mode 

When a peripheral device has data to input, it sends a 



STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line. Inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activa tes the 
nsTf line to signal the CPU to read this data. The INT pin can 
be wired to theTFTT pin of the CPU or theTFllnes for polling. 
The CPU then executes an input or a load Instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA1 , and OS 
lines to read the buffer register (see Table VI). 

TheiNT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the RDY line to signal the 
peripheral that the port is ready to be loaded with new data. 
If RDY is low when the input mode is entered (i.e. after a 
reset), a "dummy" read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 



192 



1800-Serles Peripherals 



CDP1851,CDP1851C 



FUNCTIONAL DESCRIPTION (Conf d) 



Output Mode 

A peripheral STROBE pulse sent to the PIG generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are than read from memory and placed on 
the bus. The data ar^ latched into the port buffer at the end 
of the window when RE/WE = and WR/Rt = 1 . The RDY 
line is also set at this time, indicati ng t o the peripheral that 
there is data in the port buffer. The fNT line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse, clearing 
the RDY line and activating the INT line as in the Input 
mode. 

Bidirectional Mode 

This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred In the same manner as 
the input and output modes. Since A INt is used for both 



input and output, the status re giste r must be read to 
determine what condition caused A INT to be activated (see 
Table V). 

Bit— Programmable Mode 

This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte Into the 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1 851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STROBE lines may be used 
for I/O by using the STROBE/RDY I/O control byte in table 
11. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
Input/output byte combinations. These Interrupts can be 
programmed to occur on logic conditions (AND, OR, 
NAND, and NOR) generated by the eight I/O lines of each 
port (The STROBE and RDY lines cannot generate 
interrupts). 



CDPI800 

FAMILY 

flP 



TPB 

MRD 

SSWR 

TPA 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 



fl 



)V0D 



ADDRESS REGISTER | 


ADDRESS 


SELECTS 


8001 


NO. 1 CONTROL/ 
STATUS REG 


.8002 


NO. 1 PORT A 


8003 


NO. 1 PORT B 


8004 


NO. 2 CONTROL/ 
STATUS REG 


8008 


NO. 2 PORT A 


8006 


NO. 2 PORT B 



z 



TPB 

WR/_RE 

RO/WE 

CLOCK 

RAO 

RAI 



PIO 

NO. I 

COPI85I 



- B INT 
AINT 



BUS 0-7 



^ 



r 



iz 



BUS 0-7 
TPB 
WR/RE 
RO/WE 
CLOCK 
RAO 
RAI 
CS 

AINT 
B INT 

PIO 

NO. 2 

CDPI85I 



-► A RDY 
-►B RDY 
— A STROBE 
— B STROBE 



=> 
^ 



I 



PORT BO- B7 



-►A RDY 
-► B RDY 
^- A STROBE 
— B STROBE 






PORT AO -A7 



92CM-3I924 

Fig. 2 - Memory space I/O. This configuration allows up to four C DPI 851s to occupy 
memory space 8XXX with no additional hardware {A4 - A5 and A6-A7 are used as 
RAO and RA 1 on the third and fourth PIO's). 
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PROGRAMMING 



Initialization and Controls 

The CD P1851 RIO must be cleared by a low on the 
CLEAR Input during power-on to set It for programming. 
Once' programmed, modes can be changed without 
clearing except w hen exit ing the bit-programmable 
mode. A tow on the CLEAR input sets both ports to the 
Input modes, disables Interrupts, unmasks all bit- 
programmed interrupt bits, and resets the status 
register, A RDY, and B RDY. 

Mode Setting 

The control register must be sequentially loaded with 
the appropriate mode set control bytes In order as 
shown In table I (i.e. input mode then output mode, 
etc.). Port A Is set with the SET A bit = 1 and port B Is set 
with the SET B bit = 1. If a port is set to the bit- 
programmable mode, the bit-programming control byte 
from table 11 must be loaded. A bit is programmed for 
output with the I/O bit = 1 and for Input with the I/O bit = 
0. The STROBE and RDY lines may be programmed for 
Input or output with the STROBE/RDY control byte of 



table II. Input data on the STROBE and RDY lines is 
detected by reading the status register. When using the 
STROBE or RDY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table ill must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit D4 (mask follows) of the interrupt 
control byte = 1. The I/O lines are masked if the 
corr-esponding bit of the interrupt mask register Is 1, 
otherwise it Is monitored. Any combination of masked 
bits are permlssable. except ail bits masked (mask = 
FF). 

INT Enable/Disable 

To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled w hen programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 



A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 



GENERATE CLEAR PULSE 
AT PIN 13 



SET PORTS A AND B 
TO INPUT, OUTPUT, OR 
BIT- PROGRAMMABLE MODE 
USING TABLE X 



PERFORM FOLLOWING 
SEQUENCE BEFORE 
PROGRAMMING PORT A TO 
BIDIRECTIONAL MODE 



REPEAT FOR EACH 

BIT-PROGRAMMABLE 

PORT 




SET BIT DIRECTION 
USING TABLE IE 




REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 



YES 



SET BIT LOGICAL 
CONDITIONS AND 
MASKING USING 

TABLE nr 



NOW SET PORT A TO 
BIOIRECTIOAL MODE. 
IF DESIRED 



SET MASTER INTERUPT 
ENABLE/ DISABLE 
USING TABLE JX 



MAIN PROGRAM 



NOTES 

|. STROBE /READY I/O CONTROL BYTE (TABLE H) 
IS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 

2 STATUS REGISTER (TABLE JI) IS USED TO 
INPUT DATA FROM STROBE AND READY LINES 
WHEN BIT- PROGRAMMED. 

3. INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 

92CM- 34508 
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TABLE I [RA1=0,RA0=1] 



MODE SET * 


7 


6 


5 


4 


3 


2 







input 








X 


SetB 


Set A 


X 




1 


Output 





1 


X 


Seta 


Set A 


X 




1 


Bit-Programmable 


1 


1 


X 


SetB 


Set A 


X 




1 


Bidirectional 


1 





X 


SetB 


Set A 


X 




1 



* Modes should be set in order as shown in Table I 

If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 



TABLE II [RA1=0,RA0=1] 



Bit-Programming 


7 


Q 


5 


4 


3 


2 


1 





I/07 


I/06 


1/05 


1/04 


1/03 


1/02 


I/01 


l/OO 


STROBE/ROY I/O ControlA 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



^Output = 1 

Ainput = 

(D1) = Port A, 1 =PortB 

= No change to RDY line function, 1 = Change per bit (D6) 

= No change to STROBE line function, 1 = Change per bit (D7) 

RDY line output data 

STROBE line output data 

RDY line used as: 

Output = 1 

Input = 

STROBE line used as: 

Output = 1 

Input = 
If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 



(D2) 
(D3) 
(D4) 
(D5) 
(D6) 



(D7) 



I 



TABLE III [RA1=0,RA0=1] 



INTERRUPT CONTROL 


7 


6 


5 


4 


3 


2 


1 





Logical Conditions and Mask 





D6 


D5 


D4 


D3 


1 





1 



(D3) = Port A, 1 = Port B 

(D4) = No change in mask, 1 = Mask follows (See TABLE Ilia) 

(D5)(D6) 0, = NAND;1,0 = OR;0. 1 = NOR; 1,1 = AND 

TABLE Ilia [RA1=0, RA0=1] 



INTERRUPT CONTROL 


7 


6 


§ 


4 


3 


2 


1 





Mask Register 
(If D4 = 1) 


B7 
Mask 


B6 
Mask 


B5 
Mask 


B4 
Mask 


B3 
Mask 


B2 
Mask 


B1 
Mask 


BO 
Mask 



If Bn Mask = 1 then mask Bit (for n = to 7) 
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TABLE IV 



[RA1=0,RA0=1] 



Interrupt 
Enable/Disable 


7 


6 


5 


4 


3 


2 


1 





INT 
Enable 


X 


X 


X 


A/B 








1 



INT Enable = 1, INT Enabled A/B = 0. Port A 

= 0, INT Disabled = 1 , Port B 

TABLE V [RA1=0,RA0=1] 



Status Register 


7 


6 


5 


4 


3 


2 


1 





07 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



(DO) 
(D1) 
(D2) 
(D3) 



All Modes 



B INT status (1 means set) 

A INT status (1 means set) 

1 = A INT was caused by B STROBE 

1 = A INT was caused by A STROBE 

TABLE VI — CPU CONTROLS 



Bidirectional Mode 
Only 



(D4) A RDY input data 

(D5) A STROBE Input data 

(D6) B RDY input data 

(D7) B STROBE input data 



Bit-Programmable 
Mode 



cs* 


RA1 


RAO 


RD/WE 


WR/RE 


Action 





X 


X 


X 


X 


No-op bus 3-stated 


X 








X 


X 


No-op bus 3-stated 


X 


X 


X 








No-op bus 3-stated 


X 


X 


X 


1 


1 


No-op bus 3-stated 


X 


X 


X 


1 


1 


No-op bus 3-stated 







1 


1 





Read * status register 







1 





1 


Load control register 




1 





1 





Read * port A 




1 








1 


Load port A 




1 


1 


1 





Read * port B 




1 


1 





1 


Load port B 



* Read = RD/WE = 1 and WR/RE = is latched on trailing edge of CLOCK. 
TABLE VII — MEMORY I/O USE 



I/O Space 
Memory Space 


RD/WE Input 


WR/Rl Input 


TPB Input 


MRD 
MWR 


TPB 
MRD 


TPB 
TPB 



PIO Terminals 



CPU Terminals 



CLOCK (Input): 



FUNCTION PIN DEFINITION 

BUS — BUS 7: 



Positive input pulse that latches READ and CS on its trailing 
edge. 

CS — CHIP SELECT (Input) 

A high-level voltage at this input selects the CDP1851 PIO. 

RAO — REGISTER ADDRESS (Input): 

This i nput and RA1 are used to select either the ports or the 
control/status registers. 

RA1 — REGISTER ADDRESS 1 (Input): 

See RAO 



Bidirectional CPU data bus. 



CLEAR (Input) 

A low-level voltage at this input resets both ports to the 
input mode, and also resets the status register. A RDY, B 
RDY, and interrupt enable (disabling interrupts). 



A INT - A INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is an open-drain NMOS device (to allow wired 
ORing) and must be tied to a pullup resistor, normally 10 
kO. 
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FUNCTION PIN DEFINITION (Conf d) 



B INT - B INTERRUPT (Output): 

A iow-level voltage at this output indicates the presence of 
one of the interrupt conditions listed In Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 

B RDY - B READY (Output): 

This output Is a handshaking or data bit I/O line in the 
bit-programmable mode. 

B STROBE (Input): 

An input handshaking line for port B in the Input and output 
modes, and for port A when it Is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 

B - B 7: 

Data input or output lines for port B. 

VSS: 

Ground 



MO 

Nl 

N2 

TPA 

MRD 

TPB 



A — A 7: 

Data input or output lines for port A. 

A STROBE (Input): 

An Input handshaking line for port A in the Input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is In the bit-programmable mode. 

A RDY -- A READY (Output): 

A output handshaking line or data bit I/O line. 
TPB (Input): 

A positive input pulse used as a data load, set, or reset 
strobe. 



WR/RE - WRITE/READ ENABLE (Input): 

A positive Input used to write data from the CDP1851 to the 
CPU bus. 

RD/W6 - READ/WRITE ENABLE (Input): 

A positive input used to read data from the CDP1851 to the 
CPU bus. 

Vdd: 

Positive supply voltage. 



r 



RAO 

RAI 

CS 

CLOCK 

RD/WE 

WR/RE 

TPB 



□ BINT 
AINT 



/\ 



-►A RDY 
-►B RDY 

— A STROBE 

— B STROBE 



> 



P0RTA0-A7 



::> 



P0RTB0-B7 



^ 



r 
r 



Iz 



RAO 

RAI 

CS 

CLOCK 

RD/WE 

WR/RE 

TPB 



A INT 
B INT 



^B RDY 

4 A STROBE 

4 B ^STROBE 



->A RDY 



> 



> 



I 



Fig. 3 - I/O space I/O. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ± 5%, 
tr, tf = 20 ns, V|h = 0.7 Vdd, V|l = 0.3 Vdd. Cl = 100 pF 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1851 1 


CDP1851C 


Min. 


Typ.* 


Max.+ 


Min. 


Typ.* 


Max.+ 


Input Mode see Figs. 4 and 5 


Minimum Setup Times: 
Chip Select to CLOCK tcsCL 


5 
10 


— 


50 
25 


76 
40 


- 


50 


75 


ns 


RD/WE to CLOCK tRWCL 


5 
10 


: 


75 
40 


120 
60 


__^ 


75 


120 


WR/RE to CLOCK twRCL 


5 
10 


— 


75 
40 


120 
60 


. — 


75 


120 


Data in to STROBE tpiST 


5 
10 


— 


75 
40 


120 
60 


— 


75 


120 


IVIinimum Hold Times: 
Chip Select After CLOCK tHCSCL 


5 
10 


: 


75 
40 


120 
60 





75 


120 


Address After TPB ThaTPB 


5 
10 


— 


-50 
-25 









-50 





Data In After STROBE tnSTDI 


5 
10 





50 
25 


75 
40 





50 


75 


Data Bus Out After Address tHADOH 


5 
10 


50 
25 


325 
165 


500 
250 


60 


325 


500 


Propagation Delay Times: 
TPB to TnT tpiNT 


5 
10 


— 


200 
100 


300 
150 


— 


200 


300 


STROBE to INT tsTINT 


5 
10 





200 
100 


300 
150 





200 


300 


TPB to RDY tjPRDY 


5 
10 





250 
125 


375 
200 


— 


250 


375 


STROBE to RDY tsTRDY 


5 
10 


~~~ 


260 
130 


400 
200 


: 


260 


400 


Minimum Pulse Widths: 
CLOCK twCL 


5 
10 


— 


75 
40 


120 
60 


— 


75 


120 


TPB twTPB 


5 
10 


— 


75 
40 


120 
60 


: 


75 


120 


STROBE twST 


5 
10 


— 


100 
50 


150 
75 


— 


100 


150 


Access Time, Address to Data 
Bus Out tADA 


5 
10 


= 


325 
165 


500 
250 


- 


325 


500 



•Typical values are for Ta = 25° C and nominal voltages. 

"•"Maximum limits of minimum characteristics are the values above which all devices function. 
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INPUT 
SIGNAL 



J^50% \5O70 



I I TINT ! I 

■^ b*-^WINT (^^STINT*i 

92CS-3I927 



Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 
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' ^STINT 
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"tpiNT 



J-L 



CLOCK=(TPA) 



WR/RE=(MRD) 

RD/WE=(MWR) 
RD/WE = (MRDri 

WR/RE=(TPB) 



J L 



MEMORY SPACE 



-tRWCL n 



n 



-* HATPB 
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10 OR II A 



<ZDC 



~*ADA 



XZ 
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Fig. 5 - Input mode timing waveforms. 



RCA CMOS LSI Products 



CDP1851,CDP1851C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ± 5%, 
t,, If = 20 n«, V|H = 0.7 Vdd, V|l = 0.3 Vdd. Cl = 100 pF 



CHARACTERISTIC 


Vdd 

(V) 


MIn. 


LIM 


TS 


UNITS 


CDP1851 


CDP1851C 


Typ.» 


Max.+ 


MIn. 


Typ.» 


Max.+ 


Output Mode see Figs. 4 and 6 


Minimum Setup Times: 
Chip Select to CLOCK tcsCL 


5 
10 


- 


50 
25 


75 
40 


- 


50 


75 


ns 


RD/WE to CLOCK tpwCL 


5 
10 


: 


75 
40 


120 
60 


__ 


75 


120 


WR/RE to CLOCK twRCL 


5 
10 


— 


75 
40 


120 
60 


: 


75 


120 


Address to WRITE * tAW 


5 
10 


: 


50 
25 


75 
40 


— 


50 


75 


Data Bus to WRITE * tpw 


5 
10 


— 


80 
40 


120 
60 


: 


80 


120 


Minimum Hold Times: 
Chip Select After CLOCK tHCSCL 


5 
10 


: 


75 
40 


120 
60 





75 


120 


Address After WRITE * tHAW 


5 

10 





50 
25 


75 
40 


— 


50 


75 


Data Bus After WRITE * tHDW 


5 

10 


— 


50 
25 


75 
40 




50 


75 


Propagation Delay Times: 
WRITE * to Data Out twDO 


5 

10 





225 
125 


350 
200 


~ 


225 


350 


WRITE * to INT twiNT 


5 
10 


— 


300 
150 


450 ^ 
225 





300 


450 


WRITE * to RDY twRDY 


5 
10 


— 


350 
175 


525 
275 


— 


350 


525 


STROBE to INT tsTINT 


5 
10 





200 
100 


300 
150 


— 


200 


300 


STROBE to RDY tsTRDY 


5 
10 


__. 


260 
130 


400 
200 


: 


260 


400 


Minimum Pulse Widths: 
CLOCK twCL 


5 
10 


— 


75 
40 


120 
60 


— 


75 


120 


STROBE twST 


5 
10 





100 
50 


150 
75 


: 


100 


150 


WRITE * tww 


5 
10 


- 


175 
90 


275 
150 


- 


175 


275 



* WRITE is the overlap of RD/WE = and WR/RE = 1 . 

•Typical values are for Ta = 25** C and nominal voltages. 

■•"Maximum limits of minimum characteristics are the values above which all devices function. 
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1800-Series Peripherals 



CDP1851, CDP1851C 



CLOCK =(TPA) 



WR/REMMRD) 

RD/WEMMWR) 
WR/R1=(TPB) 

RD/WE = (MWR) 




^ WRITE IS THE OVERLAP OF WR/RE = I AND RD/WE = 

Fig. 6 - Output mode timing waveforms. 

OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or supress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vpo — Vss to exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the Input protection circuit, input 
signals should never be greater than Vpo ^or less than 
Vss- ''^Put currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every Input terminal. 
All unused STROBE and DATA terminals must be 
connected to either Vpo o'' Vss* whichever is 
appropriate. 

Output Short Circuits 
Shorting of outputs to Vqd or Vss ^^y damage CMOS 
devices by exceeding the maximum device dissipation. 
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RCA CMOS LSI Products 



CDP1851,CDP1851C 



229- 



200- 



160- 



120- 



80- 



40 - 



0- 




226-234 
(5.740-5944) 



92CL-33338 



Dimensions and pad layout for CDP1851CH. 



Dimensions in parentfieses are in millimeters and are derived from 
the basic inch dimension as indicated. Grid graduations are in mils 
(10-3 inch). 



The photographs and dimensions of each CMOS chip represent a 
chip when it is part of the wafer. When the wafer is cut into chips, 
the cleavage angles are 57" instead of 90" with respect to the face 
of the chip. Therefore, the isolated chip is actually 7 mils (0. 1 7 mm) 
larger in both dimensions. 
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1800-Series Peripherals 



8-Bit Input/Output Port 



CDP1852, CDP1852C 



Features: 

■ Static Silicon-Gate CMOS circuitry 

■ Compatible with CDPISOO-series 

■ Interfaces with CDP1802 and CDP1804 
microprocessors without additional 
components 

■ Single voltage supply 

■ Full military temperature range 
(-550Cto+1250C) 

■ Parallel 8-bit data register and buffer 

■ Flip-flop for service request 

■ Asynchronous register clear 

■ Low quiescent and operating power 



CSI/CSI — 1 


1 • ^ 


> 24 


k-VoD 


MODE 


2 


23 


— SR/SR 


DIO 


3 


22 


— Dir 


DOO 


4 


21 


— D07 


DII — 


5 


20 


— DI6 


DOI 


6 


19 


— D06 


DI2 — 


7 


18 


— DI5 


D02 — 


8 


17 


— DOS 


DI3 


9 


16 


— DI4 


D03 


10 


15 


D04 


CLOCK — 


II 


14 


— CLEAR 


vss — 


12 


13 


— CS2 




TOP VIEW 








92CS-27572 



Terminal Assignment 



The RCA-CDP1852 and CDP1852C are 
parallel, 8-bit, mode-programmable COS/MOS 
input/output ports designed for use in 
CDP1800 series microprocessor systems. 
These input/output ports are compatible and 
will interface directly with the CDP1802 or 
CDP1804 without additional components. 
They are also useful as 8-bit address latches 
in 1800-series microprocessor systems and as 
I/O ports in general purpose applications. 

The mode control is used to program the 
device as an input port (mode=0) or output 
port {mode=1 ). If the CDP1852 is used as an 
input port (mode=0), data is strobed into the 
port's 8-bit register by a high (1) level on the 
clock line. The negative, high-to-low transi- 
tion of the clock sets the Service Request 
output (SR=02_and latches the data in the 
register. The SR output can be used to sig- 
nal the microprocessor via a flag or interrupt 
line. When CS1 -082=1 the three-state output 
drivers are enabled, the negative high-to-low 
transition of CS1_*CS2 resets the Service 
Request output, SR=1. 



If the CDP1852 is used as an output port 
{mode=1), data is strobed into the port's 
8-bit register when C^-CS2-CL0CK=1. The 
three-state output drivers are enabled at all 
times when the CDP1852 is configured as an 
output port. The service request signal is 
generated at the termination of CS1 •082=1 
and will be present, 1 level, until the fol- 
lowing negative, high-to-low transition of the 
clock. 

A CLEAR control is provided for resetting 
the port's register and service request flip- 
flop. 

The ODP1852 is functionally identical to 
the ODP18520. The CDP1852 has a re- 
commended operating voltage range of 4 to 
10.5 volts, and the ODP18520 has a recom- 
mended operating voltage range of 4 to 6.5 
volts. 

The ODP1852 and CDP1852C are supplied 
on 24-lead, hermetic, dual-in-line ceramic 
packages (D suffix), in 24-lead dual-in-line 
plastic packages (E suffix). 




Fig. 1 -Typical CDP 1802 microprocessor system. 
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RCA CMOS LSI Products 



CDP1852, CDP1852C 



MAXIMUM RATmGS, Abso/ute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 

CDP1852 -0.5 to +1 IV 

CDP1852C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT . . ±10mA 

POWER DISSIPATION PER PACKAGE {Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100 C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125'^C (PACKAGE TYPE D) .... Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,H -55to+125°C 

PACKAGE TYPE E -40 to +85**C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265**C 




®- 



L_ . 



DI7 I 

@ 1 



:3]x 



i: 



I DOI 



-| D07 
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Fig. 2 - CDP1852 logic diagram, 
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1800-Series Peripherals 



CDP1852, CDP1852C 



RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1852 


CDP1852C 


Min. 


Max. 


Min. 


Max. 


DC Operating- Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


vss 


vdd 


Vss 


vdd 


V 



STATIC ELECTRICAL CHARACTERISTICS at Ta 


= -40 to +85''C, Vdd ±5% 






CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1852 


CDP1852C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, Iqq 


- 


0,5. 


5 


- 


- 


100 


- 


- 


500 


ma 


- 


0,10 


10 


- 


- 


500 


- 


- 


— 


Output Low Drive 
(Sink) Current, \q^ 


0.4 


0,5 


5 


1.6 


3.2 


— 


1.6 


3.2 


— 


mA 


0.5 


Q,10 


10 


3 


6 


- 


- 


- 


— 


Output High Drive 
(Source) Current, 
'OH 


4.6 


0,5 


5 


-1.15 


-2.3 


_ 


-1.15 


-2.3j 





mA 


9.5 


0,10 


10 


-3 


-6 


- 


- 


- 


- 


Output Voltage Low- 
Level VoL^ 


- 


0,5 


5 







0.1 


— 





0.1 


V 


- 


0,10 


10 







0.1 


- 


- 


- 


Output Voltage 
HighLevel, Vqh 


- 


0,5 


5 


4.9 


5 


- 


4.9 


5 


— 


- 


0,10 


10 


9.9 


10 


- 


_ 


— 


_ 


Input Low Voltage, 
V|L 


0.5,4.5 


- 


5 


- 


- 


1.5 


- 


- 


1.5 


V 


0.5,9.5 


- 


10 


- 


- 


3 


- 


- 


_ 


Input High Voltage, 
V|H 


0.5,4.5 


- 


5 


3.5 


- 


- 


3.5 


- 


— 


0.5,9.5 


- 


10 


7 


- 


— 


— 


_ 


_ 


Input Current, 

Mn 


- 


0,5 


5 


— 


_ 


±1 


_ 


_ 


±1 


mA 


- 


0,10 


10 


_ 


- 


±2 


- 


— 


_ 


3-State Output 
Leakage Current 
'OUT 


0,5 


0,5 


5 


— 


_ 


±1 


_ 


~ 


±1 


AtA 


0,10 


0,10 


10 


- 


- 


±2 


- 




- 


Operating 
Current, IdD1# 


- 


0,5 


5 


- 


130 


200 


— 


150 


200 


mA 


- 


0,10 


10 


— 


400 


600 


— 


_ 





Input Capacitance 
CjN 


~ 


- 


- 


- 


5 


7.5 


- 


5 


7.5 


pF 


Output Capacitance, 
COUT 


- 


— 


— 


— 


5 


7.5 


_ 


_ 


~ 



* Typical values are for T/^ = 25 C and nominal Vdq- 

^ Iql = Iqh = 1 mA 

* Operating current is measured at 2 MHz in an 1800 system with open outputs and a program of 6N55, 6NAA, 
6N55, 6NAA, -- . 
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RCA CMOS LSI Products 



CDP1852, CDP1852C 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, VpD '• 
tr,tf = 20 ns, V|h = 0.7 Vpo. V|l = 0.3 Vpo. Cl = 100 pF, and 1 TTL Load 
LIMITS AT Vdd = 10 V APPLY TO THE CDP1852 ONLY 



±5%, 



CHARACTERISTIC 


vdd 

(V) 


LIMITS 1 


UNITS 


Min. 


Typ.* 


Max. 


MODE - Input Port 


Required Select Pulse Width, tgy^/ 


5 
10 


- 


180 
90 


360 
180 


ns 


Required Write Pulse Width, ty\/y^ 


5 
10 


_ 


90 
45 


180 
90 


Required Clear Pulse Width, tcLR 


5 
10 


~ 


80 
40 


160 
80 


Required Data Setup Time, tSD 


5 
10 


- 


-10 
-5 






Required Data Hold Time, tQ\^ 


5 

10 


- 


75 
35 


150 
75 


Data Out Hold Time, tpoH^ 


5 
10 


30 
15 


185 
100 


370 
200 


SR Output Transition Time 


5 
10 


_ 


30 
15 


60 
30 


Data Output Transition Time 


5 
10 


__ 


30 
15 


60 
30 


Propagation Delay Times, tp^n* ^PHL- 
Select to Data Out^ 


5 
10 


30 
15 


185 
100 


370 
200 


Clear to SR 


5 
10 


- 


170 
85 


340 
170 


Clock to SR 


10 


- 


110 
55 


220 
110 


Select to SR 

■ 


5 
10 


. ~ 


120 
60 


240 
120 


MODE 1 - Input Port 


- - — 
Required Clock Pulse Width, tcL 


5 
10 


- 


130 
65 


260 
130 


ns 


Required Write Pulse Width, tww 


5 
10 


- 


130 
65 


260 
130 


Required Clear Pulse Width.. tQLR 


5 
10 


: 


60 
30 


120 
60 


Required Data Setup Time, tps 


5 
10 


- 


-10 
-5 






Required Data Hold Time, tpH 


5 
10 


: 


75 
35 


150 
75 


Required Clock-after-Select Hold Time 


5 
10 


- 


-10 
-5 






SR Output Transition Time 


5 
10 


- 


30 
15 


60 
30 


Data Output Transition Time 


5 
10 


_ 


30 
15 


60 
30 



A Minimum value is measured from CS2; maximum value is measured from CS1 . 
* Typical values are for Ta = 25 C and nominal Vqd- 
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1800-Series Peripherals 



CDP1852, CDP1852C 



DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


Min. 


Typ.* 


Max. 


Propagation Delay Times, tpLH' ^PHL- 
Clear to Data Out 


5 
10 


- 


140 
70 


280 
140 


ns 


Write to Data Out 


5 
10 


- 


220 
110 


440 
220 


Data In to Data Out 


5 
10 


- 


100 
50 


200 
100 


Clear to SR 


5 
10 


— 


120 
60 


240 
120 


Clock to SR 


5 
10 


: 


120 
60 


240 
120 


Select to SR 


5 
10 


- 


120 
60 


240 
120 



* Typical values are for T/i^ = 25 C and nominal Vqq. 



r 'ww ^s. 



**RSR^ 



>■• 'sw "^V 



c 



;?. 



:>■ 



•"^SSR* 



._^r 



¥f CSI -052 IS THE OVERLAP OF CSI »l AND CS2« 



INPUTS 


OUTPUTS 1 


CLOCK 


CS1CS2t 


CLEAR 


DATA OUT 


SR OUT 


X 








HIGHZ 


1 


X 





1 


HIGHZ 


SR LATCH* 





1 














1 


1 


DATA LATCH 





1 


' 


X 


DATA IN 






INPUTS 


OUTPUTS 


CLOCK 


CSI-CS2^ 




SR LATCH* 


CLEAR 


X 
X 


1 






1 
1 


1 

1 



NO CHANGE 



t CSI •CS2 = 1 ^ CSI = 1 and CS2 = 1 . 

• oR Latch is internal to the device (See Fig. 2). 

92CM-3I292 

Fig. 3 — MODE input port timing diagram and truth tables. 
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Fig. 4 — Data out hold time waveforms and test circuit. 
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RCA CMOS LSI Products 



CDP1852, CDP1852C 



CSI-CS2- 

CLOCK - 
DATA IN 



Mf 



X 



■^•rDO "~^V 



*— 'RSR- 



3( 



^c: 



t*-<0DO~*| 



^*<riK-*^ 



3C 



J 



r~""~^ ^ 



V 



•^CSI-CSa IS THE OVERLAP OF CSI«0 ANDCS2 « I 
A WRITE IS THE OVERLAP OFCSI-CSZ AND CLOCK 



INPUTS 


OUTPUTS 


CLOCK 


CS1-CS2^ 


CLEAR 


DATA OUT 


SROUT 



1 
X 


1 


X 



1 
1 




1 
1 
X 





DATA LATCH 
DATA LATCH 
DATA IN 




SR LATCH* 





INPUTS 


OUTPUT 


CLOCK 

X 
X 


CS1-CS2t 




SR LATCH* 


CLEAR 


X 

1 




^ 
1 
1 
1 




1 



NO CHANGE 



tCSI -052=1 >CS1 =0andCS2 = 1. 

• SR Latch is internal to the device (see Fig. 2). 
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Fig. 5 — MODE 1 input port timing diagram and truth tables. 
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fig.6- 



• Execution of a "65" output 
selection of input port "D". 
Application Information 

In a CDP1802- or CDP1804-based system 
where MRD is used to distinguish between 
INP and OUT instructions, and INP in- 
struction is assumed to occur at the be- 
ginning of every I/O cycle because MRD 
starts high. Therefore, at the start of an OUT 
instruction, which uses the same 3-bit N 
code as that used for selection of an input 
port, the input device will be selected for a 
short time (see Fig. 6). This condition forces 
SR low and resets the SR latch (see Fig. 2). 



instruction showing momentary 




UUIPUl ENABLED WHEN EN = HIGH 

IN'ERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. I) 



Fig. 7 CDP1 853 timing diagram. 



In a small system with unique N codes for 
inputs and outputs, this situation does not 
arise. Using the CDP1853 N-bit decoder or 
equivalent logic to decode the N lines 
after TPA prevents dual selection in larger 
systems. 




Fig. 8 - CDP1853 functional diagram. 
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CDP1852, CDP1852C 



10 20 30 40 50 



70 80 88 
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Dimensions and pad layout for CDP1852H. 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10^^ inch). 



The photographs and dimensions of each chip 
represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 



I 
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RCA CMOS LSI Products 



CDP1853, CDP1853C 











CLOCK A — 


1 


^ 16 


■— Vqo 


NO 


2 


IS 


— CLOCK B 


Nl 




14 


— N2 


OUT 




13 


~CE 


OUT 1 




12 


— OUT 4 


OUT 2 — 




II 


— OUT 5 


OUT 3 — 




10 


— OUT 6 


Vss — 




9 


— OUT 7 




TOP VIEW 
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TERMINAL ASSIGNMENT 



N-Bit lof 8 Decoder 



Features: 

■ Provides direct control of up to 7 input and 7 output devices 

■ CHIP ENABLE (CE) allows easy expansion for multi-level 
I/O systems 



The RCA-CDP1 853 and CDP1 853C are 1 of 
8 decoders designed for use in general pur- 
pose microprocessor systems. These de- 
vices, which are functionally identical, are 
specifically designed for use as gated N-bit 
decoders and interface directly with the 
1800-series microprocessors without addi- 
tional components. The CDP1853 has a 
recommended operating voltage range of 4 
to 10.5 volts, and the CDP1853C has a rec- 
ommended operating voltage range of 4 to 
6.5 volts. 

When CHIP ENABLE (CE) is high, the se- 
lected output will be tr'ue (high) from the 
trailing edge of CLOCK A (hIgh-to-low 
transition) to the trailing edge of CLOCK B 
(high-to-low transition). All outputs will be 
low when the device Is not selected (CE = 0) 
and during conditions of CLOCK A and 
CLOCK B as shown In Fig. 2. The CDP1853 
Inputs NO, N1 , N2, CLOCK A, and CLOCK B 
are connected to an 1800 series micropro- 
cessor outputs NO, N1, N2, TPA, and TPB 
respectively, when used to decode I/O 




commands as shown in Fig. 5. The CHIP 
ENABLE (CE) Input provides the capability 
for multiple levels of decoding as shown In 
Fig. 6. 

The CDP1 853 can also be used as a general 
1 of 8 decoder for I/O and memory system 
applications as shown in Fig. 4. 
TheCDP1853and CDP1853C are supplied 
In hermetic 16-lead dual-In-line ceramic (D 
suffix) and plastic (E suffix) packages. 



TRUTH TABLE 



CE 


CLA 


CLB 


EN 


1 








Qn-1* 


1 





1 


1 


1 


1 








1 


1 


1 


1 





X 


X 






N2 


Nl 


NO 


EN 





1 


2 


3 


4 


5 


6 


7 













1 





























1 







1 























1 













1 




















1 


1 













1 














1 






















1 











1 





1 



















1 








1 


1 

























1 





1 


1 


1 

























1 


X 


X 


X 

















Oj 












Fig. 1 — C DP 1853 functional diagram. 



1 = High level = Low level X = Don't care 
*Qn-1 = Enable remains In previous state. 
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1800-S(iries Peripherals 
CDP1853, CDP1853C 

MAXIMUM RATINGS, Absofute-Maxfmum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(All voltage values referenced to Vgc terminal 

CDP1853 -0.5 to + 1 1 V 

CDP1853C -0.5 to + 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA' 

OPERATING-TEMPERATURE RANGE <Ta): 

CERAMIC PACKAGES (D SUFFIX TYPES) -55 to + 125°C 

PLASTIC PACKAGES (E SUFFIX TYPES) -40 to + 85°C 

STORAGE TEMPERATURE RANGE (T ) -65 to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59±0.79 mm) from case for 10 s max +265*^0 



STATIC ELECTRICAL CHARACTERISTICS at T 


^ = -40 to +85°C. 


Except as noted 


CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

<V) 


VIN 

(V) 


vdd 

(V) 


CDP1853 


CDP1853C 


Min. 


Typ; 


Max. 


Min. 


Typ; 


Max. 


Quiescent Device 
Current, 1 • 


- 


- 


5 


- 


1 


10 


- 


5 


50 


/iA 


- 


- 


10 


- 


10 


100 


- 


- 


- 


Output Low Drive 
(Sink) Current, 

'OL 


0.4 


0,5 


5 


1.6 


3.2 




1.6 


3.2 




mA 


0.5 


0.10 


10 


2.6 


5.2 


- 


-- 


- 


- 


Output High Drive 
(Source Current) 

'oh 


4.6 


0,5 


5 


1.15 


-2.3 




-1.15 


-2.3 




mA 


9.5 


0,10 


10 


-2.6 


-5.2 


- 


- 


- 


- 


Output Voltage 
Low- Level ^ 

Vol 


_ 


0,5 


5 


_ 





0.1 


_ 





0.1 


V 


— 


0,10 


10 


- 





0.1 


- 


- 


_ 


Output Voltage 
High Uvel 

VOH 




0,5 


5 


4.9 


5 




4.9 


5 




- 


0,10 


10 


9,9 


10 


- 


- 


- 


- 


Input Low Voltage 
V|L 


0.5,4.5 


— 


5 


_ 


- 


1.5 


- 


- 


1.5 


V 


1,9 


- 


10 


- 


- 


3 


- 


- 


- 


Input High Voltage 
V,H 


0.5,4.5 


- 


5 


3.5 


- 


- 


3.5 


- 


- 


1,9 


- 


10 


7 


- 


- 


- 


- 


- 


Input Leakage 
Current l|jyj 


Any 
Input 


0,5 


5 


- 


_ 


±1 


- 


- 


±1 


ma 


0,10 


10 


- 


- 


±1 


- 


- 


- 


Operating Current 

'ddi* 


0,5 


0,5 


5 


- 


50 


100 


- 


50 


100 


ma 


0,10 


0,10- 


10 


- 


150 


300 


- 


- 


- 


Input Capacitance 
^IN 


— 


— 




— 


5 


7.5 


— 


5 


7.5 


pF 


Output Capacitance 
^OUT 


- 


- 


_ 


- 


10 


15 


- 


10 


15 


pF 



t Typical values are for Ta= 25°Cand nominal voltage. 

* Operating current measured In a CDP1802 system at 2MHz with outputs floating. 



A I 



OL^'OH 



l^A 
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CDP1853, CDP1853C 

OPERATING CONDITIONS at T^ = Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1853 


CDP1853C 


Min. 


Max. 


Min. 


Max. 


Supply-Voltage Range 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage Range 


vss 


vdd 


Vss 


Vdd 


V 



Recommended Input Voltage Range Vss VpD Vss VpD 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C, Vpp=± 5%, 

V|H ' Q-7 Vpp, V,L - 0.3 Vpp, t^, t^ ^ 20 ns, C|^ - lOOpF 

CHARACTERISTIC | Vpp | LIMITS | UIM 



CHARACTERISTIC 


Vdd 

<V) 


LIMITS 


UNITS 


CDP1853 


CDP1853C 


Typ. 


Max. 


Typ. 


Max. 


Propagation Delay Time: 
CE to Output, t^oHf ^EOL 


5 


175 


275 


175 


275 


ns 


10 


90 


150 


- 


— 


N to Outputs, tf^QH,t,^QL 


5 


225 


350 


225 


350 


ns 


10 


120 


200 


- 


- 


Clock A to Output, t^Q 


5 


200 


300 


200 


300 


ns 


10 


100 


150 


- 


- 


Clock B to Output, tgQ 


5 


175 


275 


175 


275 


ns 


10 


90 


150 


- 


- 


Minimum Pulse Widths: 
ClockA,tcACA 


5 


50 


75 


50 


75 


ns 


10 


25 


50 


- 


- 


Clock B, tcBCB 


5 


50 


75 


50 


75 


10 


25 


50 


- 


- 



Note 1 : Maximum limits of minimum characteristics are the values above which all devices 

function. 
Note 2: Typical values are for T^ = 25°C and nominal voltages. 

♦CACA 




c) CLOCK A TO OUTPUT (0-7) DELAY TIME 
-♦CBCE 

-♦bo 



JT 



jr 



b) N LINES TO OUTPUT (0-7) DELAY TIME 



d) CLOCK B TO OUTPUT (0-7) DELAY TIME 

SZCM-eSOZSRI 

Fig. 2 — Propagation delay time diagrams. 






OUTO 


A 


NO OUT 1 


B 


Nl OUT 2 


C 


N2 OUT 3 


CHIP ENABLE 


CE OUT 4 


Vdd — 


CLOCK B OUTS 


1 


CLOCK A OUT 6 


-L 


OUT 7 







' OUTPUT ENABLED WHEN EN « HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. I) 



Fig. 3 — Timirig diagram. 



Fig. 4 — N-bit decoder used as a 1 of 8 
decoder. 



212 



1800-Serie8 Peripherals 



CDP1853, CDP1853C 




LOAD VIA 

61 INSRUCTION 



7 OUTPUT PORTS 



7 INPUT PORTS 



92CM-29025RI 



Fig. 5 — N-bit decoder in a one-level I/O system. 



I 



CDPI800SERIES 
N0.NI,N2 TPA TPB MRD BUS 



lix: 



TPA 
CDPI853 
DECODED I 
'61" INSTRUCTION 



NOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS. WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED. 



^ 



CL CSI 

CS2 CDPI852 



TTTU" 



SECTIONS 3-7 



i-t 



::> 



CLOCK A 
CLOCK 8 
CE 

CDPI853 
'62-6F" 
INST 



I/O 

7 INPUT, 

6 OUTPUT 

PORTS 



CLOCK A 
CLOCK B 



_Jv CDPI 

y "62- 



^r 



I/O 

INPUT. 

6 OUTPUT 

PORTS 



CLOCK A 
CLOCK B 



92CM-29026RI 



y 



CDPI853 

'62-6F" 

INST. 



=:>. 



I/O 

INPUT, 

6 OUTPUT 

PORTS 



Fig. 6 - Two-level I/O using CDP1853and CDP1852. 
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CDP1854, CDP1854C 



<^ 





CDP1854AD 




CDP1854ACD 


H-1891 




CDP1854AE 


fffn- 


CDP1854ACE 


H-1892 



Programmable 
Universal Asynchronous 
Receiver/Transmitter (UART) 



Features: 

■ Two operating modes: 

Mode 0-functionally compatible with 
industry types suctt as the TR1602A 
Mode 1-interfaces directly with 
CDP1800'Series microprocessors 
without additional components 

■ Full- or half-duplex operation 

■ Parity, framing, and overrun error 
detection 



Baud rate- DC to 200 K bits /sec 
@ Vdd=5 V 
DC to 400 K bits/sec 
@ Vdd=10 V 
Fully programmable with externally se- 
lectable word length {5-8 bits), parity 
inhibit, even/odd parity, and 1, IV2, or 
2 stop bits 
False start bit detection 



The RCA CDP1854A and CDP1854AC are silicon-gate 
CMOS Universal Asynchronous Receiver/Transmitter 
(UART) circuits. They are designed to provide the necessary 
formatting and control for interfacing between serial and 
parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial I/O 
ports and the 8-blt CDP1 800-series microprocessor parallel 
data bus system. The CDP1854A is capable of full duplex 
operation, i.e., simultaneous conversion of serial input data 
to parallel output data and parallel input data to serial 
output data. 

The CDP1854A UART can be programmed to operate in 
one of two modes by using the mode control input. When 
the mode input is high (M0DE=1), the CDP1854A is 



directly compatible with the CDP1 800-series micro- 
processor system without additional interface circuitry. 
When the mode input is low (MODE=0), the device is 
functionally compatible with industry standard UARTs 
such as the TR1602A. It is also pin compatible with these 
types, except that pin 2 is used for the mode control input 
instead of a Vgg=-12 V supply connection. 

The CDP1854A and the CDP1854AC are functionally 
identical. The CDP1854A has a recommended operating- 
voltage range of 4-10.5 voltg, and the CDP1854AC has a 
recommended operating-voltage range of 4-6.5 volts. 

The CDP1854A and CDP1854AC are supplied in hermetic 
40-lead dual-in-line ceramic packages (D suffix) and in 
40-lead dual-in-line plastic packages (E suffix). The 
CDP1854AC is also available in chip form (H suffix). 
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1800"Serles Peripherals 

CDP1854,CDP1854C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss Terminal) 

CDP1854A -0.5 to +11 V 

CDP1854AC -0.5 to 4-7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60«C (PACKAGE TYPE E) 500 mW 

For TA=+60to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/*Cto 200 mW 

For Ta=-55 to lOO^C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to +125*»C (PACKAGE TYPE D) Derate Linearly at 12 mW/*C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -65 to +125«C 

PACKAGE TYPE E -40 to +85«C 

STORAGE TEMPERATURE RANGE (Tgtg) -66 to +160*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 In. (1.69 ± 0.79 mm) from case for 10 s max +265**C 



Mode Input High (Mode = 1) 



TRANSMITTER SECTION 



CDPI802 
INTERFACE 



RECEIVER^ SECTION 
h- la: |o , I lui |q. (T 



I 



soo 

425 



PARITY 
GEN. 



TRANS 

SHIFT 

REG. 



39 r 



L 34 

^1 



TRANSMITTER 
TIMING a CONTROL 



HOLDINC 
REG. 



CONTROL 
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r 
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SELECT 
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23| 4\z^ 13^ 
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37,, 17, 



1.2= Vdd 

3' Vss 
21- CLEAR 
36«NC 



RECEIVER 
TIMING a CONTROL 



SHIFT 
REG. 



STATUS 
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i"i'44 



s^ 
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DRIVERS 



TRANSMITTER BUS 
(26-33) 

• i 



L^ 



RECEIVER BUS 
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'^USER INTERCONNECT 



"ir- 



92CM-2a45»R3 



Fig. 1 - Mode 1 block diagram (CDP1800-series microprocessor compatible). 
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RCA CMOS LSI Product3 



CDP1854, CDP1854C 

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, unlet* otharwlM noted. 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


vdd 

(V) 


CDP185^ 


\A 


CpP1854AC 


MIn. 


Typ.* 


Max. 


MIn. 


Typ/ 


Max. 


Quiescent Device Current, Iqq 




0,5 
0,10 


5 
10 


— 


0.01 

1 


60 
200 


— 


0.02 


200 


M 


Output Low Drive (Sinl<) Current, Iql 


0.4 
0.5 


0,5 
0,10 


5 
10 


0.55 
1.3 


1.1 

2.6 


— 


0.55 


1.1 


— 


mA 


Output High Drive (Source) Current, loH 
(Except pins 24 and 25) 


4.6 
9.5 


0.5 
0,10 


5 
10 


-0.55 
-1.3 


-1.1 
-2.6 


~ 


-0.55 


-1.1 


— 


mA 


Output High Drive (Source) Current, Iqh 
Pins 24 and 26 


4.6 
9.5 


0,5 
0,10 


5 
10 


-1.6 
-2.8 


-3.5 
-6.0 


— 


-1.6 


-3.5 


— 


mA 


Output Voltage Low-Level, Vql* 


— 


0.5 
0,10 


5 
10 


— 






0.1 
0.1 


— 





0.1 


V 


Output Voltage High-Level, Vqh 


- 


0,5 
0,10 


5 
10 


4.9 
9.9 


5 
10 




4.9 


5 


— 


Input Low Voltage, V|L 


0.5,4.5 
0.5,9.5 


— 


5 
10 


— 


— 


1.6 
3 


— 


— 


1.5 


V 


Input High Voltage, V|h 


0.5.4.5 
0.5,9.5 


•— 


5 
10 


3.5 
7 


— 


— 


3.5 


— 


— 


Input Current, l||si 


— 


0,5 
0,10 


5 
10 


— 


— 


±1 
±2 


— 


— 


±1 


M 


3-State Output Leakage Current, Iqut 


0,5 
0,10 


0,5 
0,10 


5 
10 


— 


~ 


±1 
±10 


— 


■-- 


±1 


AiA 


Operating Current, Idd1^ 


— 


0,5 
0,10 


5 
10 


— 


1.5 
6.0 


3.0 

12 


• — 


1.5 


3.0 


mA 


Input Cajbacitance, C|n 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance, CquT 


- 


- 


~ 


- 


10 


15 


- 


10 


15 



•Typical values are for 1/^=25" 0. *'0L='0H=1 M. 

^Operating current is measured at 200 kHz for Vdd=5 V and 400 kHz for Vdd=10 Vina CDP1800-series microprocessor system, 
with open outputs. 



RECOMMENDED OPERATING CONDITIONS at Ta=FuII Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vdd 

V 


CDP1854A 


CDP1854AC 


MIn. 


Max. 


MIn. 


Max. 


DC Operating-Voltage Range 


-__ 


4 


10.6 


4 


6.5 


V 


Input Voltage Range 


— 


vss 


Vdd 


Vss 


Vdd 


V 


Baud Rate (Receive or Transmit) 


5 


— 


200 




200 


Kbits 
/sec 


10 


— 


400 


- 


— 



216 



1800-Series Peripherals 



Functional Definitions for CDP1854A Terminals 

Model 

CDPISOO-Series Microprocessor Compatible 

SIGNAL: FUNCTION 

Vdd: 

Positive supply voltage 

MODE SELECT (MODE): 

A high-level voltage at this input selects CDP1800-series 

microprocessor Mode operation. 

VSS: 
Ground 



CDP1854, CDP1854C 



CHIP SELECT 2 (CS2): 

A low-level voltage at this input together with CS1 and CS3 

selects the CDP1854A UART. 

RECEIVER BUS (R BUS 7 - R BUS 0): 

Receiver parallel data outputs (may be externally connected 

to corresponding transmitter bus terminals). 

INTERRUPT (mf): 

A low-level voltage at this output indicates the presence of 

one or more of the interrupt conditions listed in Table I. 

FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 

PARITY ERROR or OVERRUN ERBOR (PE/OE): 
A high-level voltage at this output indicates that either the 
PE or OE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table II. 

REGISTER SELECT (RSEL): 

This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table ill. 

RECEIVER CLOCK (RCLOCK): 

Clock input with a frequency 16 times the desired receiver 

shift rate. 

TPB: 

A positive input pulse used as a data load or reset strobe. 

DATA AVAILABLE (DA): 

A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SDI): 

Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 

CLEAR (CLEAR): 

A low-level voltage at this input resets the Interrupt Flip- 
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 



TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A low-level voltage at this output indicates that the Trans- 
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 

CHIP SELECT 1 (CS1): 

A high-level voltage at this input together with CS2 and CS3 
selects the UART. 



REQUEST TO SEND (RTS): 

This output signal tells the p e riph eral to get ready to 
receive data. C LEAR TO SEND (CTS) is the response from 
the peripheral. RTS is set to a low:level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and Is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 

SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s) are serially shifted out on 
this output. When no character is being transmitted, a high 
level is maintained. Start of transmission is defined as the 
transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS - T BUS 7): 

Transmitter parallel data input. These may be externally 

connected to corresponding Receiver bus terminals. 

RD/WR: 

A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 

CHIP SELECT 3 (CS3): 

With high-level voltage at this input together with CS1 and 

CS2 selects the UART. 

PERIPHERAL STATUS INTERRUPT "(PSI): 

A high-to-low transition on thi s input line sets a bit in the 

Status Register and causes an INTERRUPT (INT=low). 

EXTERNAL STATUS (ES): 

A low-level voltage at this input sets a bit in the Status 

Register. 

CLEAR TO SENDTcTS): 

When this input from peripheral is high, transfer of a 
character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 

TRANSMITTER CLOCK (TCLOCK): 

Clock input with a frequency 1 6tlmes the desired transmitter 

shift rate. 



I 
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CDP1854, CDP1854C 



Table I — Interrupt Set and Reset Conditions 



SET* (INT = LOW) 


RESET (INT = HIGH) | 


CAUSE 


CONDITION 


TIME 


DA 
(Receipt of data) 


Read of data 


TPB leading edge 


THRE* 
(Ability to reload) 


Read of status or 
write of character 


TPB leading edge 


THRE ' TSRE 
(Transmitter done) 


Read of status or 
write of character 


TPB leading edge 


(Negative edge) 


Read of status 


TPB trailing edge 


GTS 


Read of status 


TPB leading edge 


(Positive edge when THRE • TSRE) 



'Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set. 

*THRE will cause an Interrupt only after the TR bit in the Control Register (see Table IV) has been set. 



Table II — Status Register Bit Assignment 



Bit 


7 


6 


5 


4 


3 


2 


1 





Signal 


THRE 


TSRE 


PSI 


ES 


FE 


PE 


OE 


DA 


Also Available at Terminal 


22* 


— 


— 


— 


14 


15 


15 


19* 



*Polarlty reversed at output terminal. 



Bit Signal: Function 

0— DATA AVAILABLE (DA): 

When set high, this bit Indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 1 9 but with its 
polarity reversed. 

1 —OVERRUN ERROR (OE): 

When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR'ed with PE is 
output at Term. 15. 

2— PARITY ERROR (PE): 

When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR'ed with OE is output at Term. 16. 

3— FRAMING ERROR (FE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 
Register. This signal is also available at Term. 14. 



4— EXTERNAL STATUS (ES): 

This bit is set high by a low-level input at Term. 38 (ES). 

5— PERIPHERAL STATUS INTERRUPT (PSI): 
This bit i s set high by a high-to-low voltage transition of 
Term. 37 (PSI ). The INTERRUPT output (Term. 13) is also 
asserted (INT=low) when this bit is set. 

6— TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 

7— TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
When set high, this bit indicates that the Transmitter 
Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reload ed with a new 
character. Setting this bit also sets the THRE output (Term. 
22) low and causes an INTERRUPT (INT=low). if TR is 
high. 
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Description of Mode 1 Operation CDP1800>Series Micro- 
processor Compatible (Mode lnput=VDD) 

1. initialization and Controls 

In the CDP1800-series microprocessor compatible mode, 
the CDP1864A Is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 

Table III — Register Selection Summary 



RSEL 


RD/WR 


Function 


Low 
Low 
High 
High 


Low 
High 
Low 
High 


Load Transmitter Holding Register from 
Transmitter Bus 

Read Receiver Holding Register from 
Receiver Bus 

Load Control Register from Transmitter 
Bus 

Read Status Register from Receiver Bus 



In this mode the CDP1854A Is compatible with a bidirec- 
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-serles microprocessor I/O 
control output signals can be connected directly to the 
CDP1854A Inputs as shown In Fig. 2. The CLEAR Input Is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register Is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Reg ister during TPB when the UART is 
selected CS1 • CS2 • CS3=1) and the Control Register Is 
designated (RSEL=H, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS - R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 

2. Transmitter Operation 

Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bit In the Control Register (see bit assignment, Table 
IV) Is set Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the U ART, the second 
to set TR. When TR has been set , a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
cause s assertion of a low-level on the REQUEST TO SEND 
(RTS) output to the peripheral. It Is not necessary to set TR 
for prop er opera tion for the UART. If desired, It can b e used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register Is loaded from the bus by 
TPB during execution of an o utpu t Instruction. The 
CDP1854A is selected by CS1 • CS2 • CS3=1, and the 
Holding R eg I ste r I s se Igcted by RS EL=L and RD/WR=L. 
When the CLEAR TO SEND (CTS) input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans- 
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-low edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits In the transmitter shift register will not be 
transmitted. 



CDP1854, CDP1854C 

One transmitter clock period after the Transmitter Shift 
Regi ster is loaded from the Transmitter Holding Register, 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded Into the Transmitter Holding Register for trans- 
mission with its start bit Immediately following the last stop 
bit of the previous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE • TSRE Interrupt will occur. This Interrupt signals the 
microprocessor that TR can be turned off. This Is done by 
reloading the original control byte in the C ontrol Register 
with t h e TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 

SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit Is reset. 



TPB 
INT 



1_^ 



T CLOCK R CLOCK 



RTS 
CTS 



Vdd 



RSEL 
CSI 

csz" 

CS3 
RD/WR 



TPB UART 

CDPI854A Eg 

Tnt 



< 



i> 



^5^ 



THRE 

"DA 

FE 

PE/OE 
T BUS 
R BUS 



SDI 
SDO 



CLEAR MODE 



I 



92CS-28460RI 

Fig. 2 - Recommended CDP1800-series connection. 
Mode 1 (non-interrupt driven system). 

3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level Input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
blt(s) are shifted Into the Receiver Shift Register by clock 
pulse 7-1/2 In each bit time. The parity bit (If programmed) 
Is checked and receipt of a valid stop bit Is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
Into the Receiver Holding Register. If the word length Is less 
than 8 bits, zeros (low output level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit Is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character Is 
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ready. The microprocessor responds by executing an input 
instruction. The UART's 3-state bus drive rs are enabied 
whenjhe UART is selected (CS1 • CS2 • CS3=1) and 
RD/WR=high. Status can be read when RSEL=hlgh. Data 
is read when RSEL=iow. When reading data. TPB latches 
data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 



4. Peripheral Interface 

In addition to serial data in and out, four signals are 



provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
perip he ral to get ready to receive data. The CLEAR TO 
SEND (GTS) Input signal is th e response, signallin g that 
the peripheral is ready. The EXTERNAL STATUS (ES) 
input latches a peripheral statu s level, and the PERIPHERAL 
STATUS INTEnRUPY TP51T input senses a status edge 
(hIgh-to-low) and also generates an interru pt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table II). 



Table IV — Control Register Bit Assignment 




Bit Signal: Function 

0— PARITY INHIBIT (PI): 

When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

1 —EVEN PARITY ENABLE (EPE): 

When set high, even parity is generated by the transmitter 

and checked by the receiver. When low, odd parity is 

selected. 

2— STOP BIT SELECT (SBS): 
See table below. 

3-WORD LENGTH SELECT 1 (WLS1): 
See table below. 

4— WORD LENGTH SELECT 2 (WLS2): 
See table below. 



5-INTERRUPT ENAB LE (IE): 

When set high THRE, DA, THRE • TSRE, CTS, and PSI 
interrupts are enabied (see Interrupt Conditions, Table I). 

6— TRANSMIT BREAK (BREAK): 
Holds SDO low when set. Once the break bit in the control 
register has been set high, SDO will stay low until th e break 
bit is rese t low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 

7-TRANSMIT REQUEST (TR): 

When set high, RTS is set low and d ata tra nsfer through the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 



Bit 4 


Bits 


Bit 2 


Function 


WLS2 


WLS1 


SBS 











5 data bits, 1 stop bit 








1 


5 data bits, 1.5 stop bits 





1 





6 data bits, 1 stop bit 





1 


1 


6 data bits, 2 stop bits 


1 








7 data bits, 1 stop bit 


1 





1 


7 data bits, 2 stop bits 


1 


1 





8 data bits, 1 stop bit 


1 


1 


1 


8 data bits, 2 stop bits 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85** C. YpD ±5%» tr,tf=20 ns, V|h-0.7 Vdd. V|L=0.3 Vpo. 
Cl=100 pF, MO Fig. 3. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


Typ^t 


Max/ 


Typ.t Max.* 


Transmitter Timing — Mode 1 | 


Minimum Clock Period tec 


5 
10 


250 
125 


310 
155 


250 


310 


ns 


Minimum Pulse Width: 
Clock Low Level tCL 


6 
10 


100 
75 


125 
100 


100 


125 


ns 


Clock High Level. tcH 


6 
10 


100 
75 


125 
100 


100 


125 


ns 


TPB tTT 


5 
10 


100 
50 


150 
' 75 


100 


150 


ns 


Minimum Setup Time: 
TPB to Clock tjc 


5 
10 


175 
90 


225 
150 


175 


225 


ns 


Propagation Delay Time: 
Clock to Data Start Bit tcD 


5 
10 


300 
150 


450 
225 


300 


450 


ns 


TPB to THRE tjTH 


5 
10 


200 
100 


300 
150 


200 


300 


ns 


Clock to THRE tCTH 


5 
10 


200 
100 


300 
150 


200 


300 


ns 



tTyplcal values are for 1^=25° C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 
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TRANSMITTER HOLDING* /TRANSMITTER SHIFT * * 

REGISTER LOADED v /REGISTER LOADED 



♦cc 




■qj^Umj^^J^OJ^lJ^LJ^^ 



-*l \*-tcL 



-^ K-»c 



-»»- 



I ST DATA BIT 



^ THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB. 
>t* THE TRANSMITTER SHIFT REGISTER IS UOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 

CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + trc AFTER THE TRAILING EDGE OF TPB, AND 

TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcD LATER, 
t WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 = I AND CS3, RD/ WR = 0. 92CM- 31878 



Fig. 3 - Transmitter timing diagram - Mode 1. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, VoD ±5%. tr,lf=20 m, V|h=0.7 Vdd, Vil=0.3 Vdd, 
Cl=100 pF, t«« Fig. 4. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


Typ.t Max.^ 


Typ.t Max/ 


Receiver Timing •- Modf 1 | 


Minimum Clock Period tec 


5 
10 


250 
125 


310 
155 


250 


310 


ns 


Minimum Pulse Width: 
Clock Low Level tQL 


5 
10 


100 
75 


125 
100 


100 


125 


ns 


Clock High Level tcH 


5 
10 


100 
75 


125 
100 


100 


126 


ns 


TPB tTT 


5 
10 


100 
50 


150 
75 


100 


150 


ns 


Minimum Setup Time: 
Data Start Bit to Clock tpc 


5 
10 


100 
50 


150 
75 


100 


150 


ns 


Propagation Delay Time: 


5 
10 


220 
110 


325 
175 


220 


325 


ns 


TPB to DATA AVAILABLE tjDA 




5 
10 


220 
110 


325 
175 


220 


325 


ns 


Clock to DATA AVAILABLE tQDA 


Clock to Overrun Error tcOE 


5 
10 


210 
105 


300 
150 


210 


300 


ns 


Clock to Parity Error tcPE 


5 
10 


240 
120 


375 
175 


240 


375 


ns 


Clock to Framing Error tcFE 


6 
10 


200 
100 


300 
150 


200 


300 


ns 



tTyplcal values are for Ta=25°C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which ail devices function. 



CLOCK 7'/2 LOAD HOLDING REGISTER^ 
•Sj Mnzflsl |4| |5| |6l|7ri8ri9 




)t IF A START BIT OCCURS AT A TIME LESS THAN toe BEFORE A HIGH -TO- LOW TRANSITION OF THE CLOCK. 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH -TO-LOW TRANSITION OF THE CLOCK. 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 
^ ik READ IS THE OVERLAP OF CSI, CS3, RD/ WR • I AND C§5 - 0. 

IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER. THE OE SIGNAL WILL COME TRUE, 
t OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 



Fig. 4 - Mode 1 receiver timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to •f-65''C, Vdd :^5%, tr,tp20 ns, V|h=0.7 Vdd> V|l=0.3 Vdd. 
C|.=100 pF, ••• Fig. 5. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


Typ.t 


Max.^ 


Typ.t 


Max.^ 


CPU Interface — WRITE Timing - Mode 1 1 


Minimum Pulse Width: 
TPB tTT 


5 
10 


100 
50 


150 
75 


100 


150 


ns 


Minimum Setup Time: 
RSEL to Write tpsw 


6 
10 


50 
25 


75 
40 


50 


75 


ns 
ns 


Data to Write tpw 


5 
10 


-100 
-50 


-75 
-35 


-100 


-75 


Minimum Hold Time: 
RSEL after Write twRS 


5 
10 


50 
25 


75 
40 


50 


75 


ns 


Data after Write twD 


5 
10 


75 
40 


125 
60 


75 


125 


ns 



tTypical values are for 1^=25** C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 
Cl=100 pF, see Fig. 6. 


= -40 to +85'* C, 


Vdd ±5%, tr,tf=20 ns, V|h=0.7 Vdd» V|l=0.3 Vdd, 


CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


MIn. 1 Typ.t 


Max.^ 


Min. 


Typ.t 


Max.^ 


CPU Interface — READ Timing - Mode 1 








Minimum Pulse Width: 
TPB tTT 


5 
10 


— 


100 
50 


150 
75 


— 


100 


150 


ns 


Minimum Setup Time: 
RSEL to TPB tRST 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


ns 


Minimum Hold Time: 
RSEL after TPB tTRS 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


ns 


Read to Data Access Time tR p d A 


5 
10 


— 


200 
100 


300 
150 


— 


200 


300 


ns 


Read to Data Valid Time tpov 


5 
10 


— 


200 
100 


300 
150 


— 


200 


300 


ns 


RSEL to Data Valid Time tRSDV 


5 
10 


~ 


150 
75 


225 
125 


— 


150 


225 


ns 


Hold Time: 
Data after Read tRpH 


5 

10 


50 
25 


150 
75 


— 


50 


150 





ns 



tTypical values are for Ta=25°C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 
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-*WRS-*1 



-tow- 



Sc 



^ 



^ WRITE IS THE OVERLAP OF TPB, CSI,CS3 = I AND CS2, RD/WR = 0. 

Fig. 5 - Mode 1 CPU interface (WRITE) timing diagram. 
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H READ IS THE OVERLAP OF CSI, CS3, RD/WR « I AND CS2 « 0. 



92CM- 31881 

Fig. 6 - Mode 1 CPU interface {READ) timing diagram. 
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Fig. 7 - Mode block diagram (industry standard compatible). 
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Functional Definitions for CDP1854A Terminals 
Standard Mode 

SIGNAL: FUNCTION 

Vdd: 

Positive suppiy voltage. 

MODE SELECT (MODE): 

A low-level voltage at this Input selects Standard Mode 

Operation. 

Vss^ 
Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 

A high-level voltage applied to this input disconnects the 

Receiver Holding Register from the Receiver Bus. 

RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 

PARITY ERROR (PE): 

A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 

FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
follov\/ing the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 

OVERRUN ERROR (OE): 

A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was nbt reset before the next 
character was transferred to the Receiver Holding Register. 
OE fines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 

STATUS FLAG DISCONNECT (SFD): 
A high-level voltage applied to this input disables the 3- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 

RECEIVER CLOCK (RCLOCK): 

Clock Input with a frequency 16 times the desired receiver 

shift rate. 



DATA AVAILABLE RESET (DAR): 

A low-level voltage applied to this input resets the DA 

flip-flop. 

DATA AVAILABLE (DA): 

A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SDI): 

Serial data received at this input enters the receiver shift 

register at a point determined by the character length. A 

high-level voltage must be present when data is not being 

received. 

MASTER RESET (MR): 

A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 



CDP1854, CDP1854C 



TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. 

TRANSMITTER HOLDING REGISTER LOAD (THRL): 
A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 

TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 

SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop (bit(s)) are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (t BUS - T BUS 7): 
Transmitter parallel data inputs. 

CONTROL REGISTER LOAD (CRL): 
A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1 , WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 

PARITY INHIBIT (PI): 

A high-level voltage at this input inhibits the parity genera- 
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 

STOP BIT SELECT (SBS): 

This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
With five data bits programmed selects 1.5 stop bits. 
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Fig. 8 - Mode connection diagram. 
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WORD LENGTH SELECT 2 (WLS2): 

WORD LENGTH SELECT 1 (WLS1): 

These two inputs select the character length (exclusive of 

parity) as follows: 



WLS2 


WLS1 


Word Length 


Low 


Low 


5 Bits 


Low 


High 


6 Bits 


High 


Low 


7 Bits 


High 


High 


8 Bits 



EVEN PARITY ENABLE (EPE): 

A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 

TRANSMITTER CLOCK (TCLOCK): 

Clock input with a frequency 16 times the desired transmitter 

shift rate. 



Description of Standard Mo6e Operation 
(Mode input=Vss) 

1. Initiaiization and Controis 

The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency 
equal to 1 6 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTS (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss 
or Vdd) instead of being dynamically set and CRL may be 
hardwired to Vpo- The CDP1854A is then ready for 
transmitter and/or receiver operation. 

2. Transmitter Operation 

For the transmitter timing diagram refer to Fig. 10. At the 
beginning of a typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 



holding Register by applying a low pulse to the TRANS- 
MITTER HOLDING REGISTER LOAD (THRL) input causing 
THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to- 
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit. Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro- 
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-low transition of 
the clock. When THRE goes high, another character can be 
loaded into the Transmitter Holding Register for trans- 
mission beginning with a start bit immediately following the 
last stop bit of the previous character. This process is 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12. Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fcLOCK) and will be 16/f CLOCK. 
3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-low transition on the SDI line, a divide-by-16 
counter is enabled and a valid start bit is verified by 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits, if DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal is 
raised. One-half clock period later, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register. The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BU S - R BUS 7) outputs. App l ying a 
negative pulse to the DATA AVAILABLE RESET (DAR) 
resets DA. The preceding sequence of operation is repeated 
foreach serial character received. A receiver timing diagram 
is shown in Fig. 11. 



226 



1800-Series Peripherals 



CDP1854, CDP1854C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to ♦85*»C, Vqd ±5%, tr,tf=20 nt, ViH=0.7 Vpo. V|l=0.3 Vdd. 
Cl'100 pF, ••• Fig. 9. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


Typ.t 1 Max.* 


Typ.t Max.* 


lnt«rfac« Timing - Mod* I 


Minimum Pulse Width: 
CRL tCRL 


6 
10 


60 
40 


150 
100 


50 


150 


ns 


Minimum Pulse Width: 
MR tMR 


5 
10 


300 
150 


400 
200 


300 


400 


ns 


Minimum Setup Time: 
Control Word to CRL tcwC 


5 
10 


20 



50 
40 


20 


50 


ns 


Minimum Hold Time: 
Control Word after CRL tccw 


5 
10 


40 
20 


60 
30 


40 


60 


ns 


Propagation Delay Time: 
SFD High to SOD tsFDH 


6 
10 


200 
100 


300 
150 


200 


300 


ns 


SFD Low to SOD tSFDL 


6 
10 


75 
40 


120 
60 


75 


120 


ns 


RRD High to Receiver Register 

High Impedance tRpoH 


5 
10 


200 
100 


300 
150 


200 


300 


ns 


RRD Low to Receiver Register Active tRROL 


5 
10 


80 
40 


150 
70 


80 


150 


ns 



tTyplcal values are for Ta=25''C and nominal voltages. 

♦Maximum limits of minimum characteristics are the values above which all devices function. 



I 



CONTROL INPUT WORD TIMING 



CONTROL WORD " 
INPUT 



J- 



"V 



STATUS OUTPUT TIMING 



STATUS " 
OUTPUTS. 



X 



H — M tsFDH 

I 

I 

I 



1 *SFDL »- 



RECEIVER REGISTER DISCONNECT TIMING 



R BUS 0- - 
R «US 7 . 



H 



%■ 



tRROHh 



X 



Mrrdl-*^ 



F/gf. 9 - Mo69 interface timing diagram. 
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RCA CMOS LSI Products 



CDP1854, CDP1854C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta ° -40 to ♦85°C, Vdd ±5%, lr.tf=20 m, V|h°0.7 Vdd. Vii =0.3 Vdd, 
Cl=100 pF, $•• Fig. 10. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP18S4AC 


Typ.t Max/ 


Typ.t 1 Max.^ 


Transmitter Timing — Mode 




Minimum Clock Period tec 


6 
10 


250 
125 


310 
155 


250 


310 


ns 


Minimum Pulse Width: 
Clock Low Level tCL 


6 
10 


100 
75 


125 
100 


100 


125 


ns 


Clock High Level tcH 


5 
10 


100 
75 


125 
100 


100 


125 


ns 




5 
10 


60 
40 


150 
100 


60 


150 


ns 


THRL tTHTH 


Minimum Setup Time: 
THRL to Clock tjHC 


5 
10 


175 
90 


275 
150 


175 


275 


ns 


Data to THRL tpT 


5 
10 


20 



50 
40 


20 


50 


ns 


Minimum Hold Time: 
Data after THRL tjD 


5 
10 


40 
20 


60 
30 


40 


60 


ns 


Propagation Delay Time: 
Clock to Data Start Bit tcD 


5 
10 


300 
150 


450 
225 


300 


450 


ns 


Clock to THRE tQT 


5 
10 


200 
100 


300 
150 


200 


300 


ns 




5 
10 


200 
100 


300 
150 


200 


300 


ns 


THRL to THRE tjTHR 


Clock to TSRE tjTS 


5 
10 


200 
100 


300 
150 


200 


300 


ns 



tTypical values are for Ta=25**C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 



TRANSMITTER SHIFT 
REGISTER LOADED 



FL_R_m 




^ THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 
** THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH -TO-LOW TRANS ITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD MthC AFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcD LATER. 



92CM-3I876RI 



Fig. 10- Mode transmitter timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to •i^85<'C, Vqd ^5%> tr,tf=20 ns, V|h=0.7 Vdd> V|l=0.3 Vqd* 
CL=100pF,fFlg,11. 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1854A 


CDP1854AC 


Typ.t 


Max/ 


Typ.t 


Max.^ 


Receiver Timing — Mode 


Minimum Clocl< Period 


tec 


5 
10 


260 
126 


310 
166 


250 


310 


ns 


Minimum Pulse Width: 
Clocl< Low Level 


tCL 


5 
10 


100 
76 


126 
100 


100 


126 


ns 


Clock High Level 


tCH 


5 
10 


100 
75 


126 
100 


100 


125 


ns 




tDD 


5 
10 


60 
26 


76 
40 


60 


75 


ns 


DATA AVAILABLE RESET 


Minimum Setup Time: 
Data Start Bit to Clock 


tDC 


5 
10 


100 
60 


160 
75 


100 


160 


ns 


Propagation Delay Time: 
DATA AVAILABLE AfegfeT to 

Data Available 


tDDA 


5 
10 


160 
75 


225 
126 


150 


226 


ns 


Clock to Data Valid 


tCDV 


5 
10 


226 
110 


326 
176 


226 


325 


ns 


Clock to Data Available 


tCDA 


5 
10 


226 
110 


326 
176 


225 


326 


ns 


Clock to Overrun Error 


tCOE 


5 
10 


210 
100 


300 
150 


210 


300 


ns 


Clock to Parity Error 


tCPE 


5 
10 


240 
120 


376 
176 


240 


375 


ns 


Clock to Framing Error 


tCFE 


5 
10 


200 
100 


300 
150 


200 


300 


ns 



I 



tjypical values are for Ta=25**C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 
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RCA CMOS LSI Products 



CDP1854, CDP1854C 




1 






1 




\ START BIT 


PARITY/ 


STOP BIT 1 








r 


'1 '="' 




y 






! 1 1 








H U-tcDA 


1 


1 
{ 1 


\ 
1- 


/ 

1 




*COE N->< 








» 












1 




1 / 








1 




1 /— 



•X IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH -TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 
^ * IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 

92CM- 31877 



Fig. 11 - Mode receiver timing diagram. 



ART— J 

iiT n 



-»| 1^16 /f CLOCK 



A 



5-8 DATA BITS 



DATA/ 
MSB 



"V^ 



NEXT DATA WORD 



L — STOP BITS 
r I I 1/2 OR 2 



-PARITY 
BIT 



92CS- 28463 



Fig. 12 - Serial data word format. 
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CDP1854, CDP1854C 




161- 169 
(4.089-4293) 



4-10 
(0102-0254) 



.182 -190 . 



(4623-4.826) 



92CL-33340 



I 



Dimensions and pad layout for CDP1854ACH. 



Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils i10~^ inch). 



The photographs and dimensions represent a chip when it is part 
of the wafer. When the wafer is cut into chips, the cleavage angles 
are S?** instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils {0.17 mm) larger In 
both dimensions. 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All Inputs and outputs of RCA CMOS devices have a 
netv\/ork for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described In ICAN-6525 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress pov\/er 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vpo— Vss *o exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit. 
Input signals should never be greater than VpD ^^^ 
less than Vss- Input currents must not exceed 10 mA 
even when the power supply Is off. 

Unused Inputs 

A con nectlon must be provided at every Input terminal. 
All unused Input terminals must be connected to either 
Vdd or VSS. whichever Is appropriate. 
Output Short Circuits 
Shorting of outputs to Vpo or Vss may damage CMOS 
devices by exceeding the maximum devicedissipation. 
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CDP1855, CDP1855C 



CE 


1 ^ 28 


— Voo 


CLEAR 


2 27 


— CN0 


CTL 


3 26 


CNI 


Ui./^. 


4 25 


— CI 


YL 


5 24 


YR 


ZL 


6 23 


ZR 


smrr — 


7 22 


— -BUS 7 


CLK 


8 2t 


BUS 6 


. STB 


9 20 


BUS 5 


RD/WF 


10 19 


BUS 4 


RA2 


II 18 


— BUS 3 


RAI 


12 17 


— BUS 2 


RA0 


13 16 


— BUS 1 


vss — 


14 IS 


— BUSflT 




TOP VIEW 




92CS-29965R2 


TERMINAL ASSIGNMENTS 



8-Bit Programmable 
Multiply/Divide Unit 



Features: 

■ Cascadable up to 4 units for 32-bit by 32'bit muitiply or 64 -J- 32 bit divide 

■ 8'bit by 8-bit muitiply or 16 -^8 bit divide in 5.6 fjs atSV or 2.8fjisat10V 

■ Direct interface to CD PI 800 Series microprocessors 

■ Easy interface to otfier 6-bit microprocessors 

■ SIgnificantiy increases througtjput of microprocessor used for arittimetic 

calcuiations 



The RCA-CDP1856 and CDP1855C are CMOS 8-bit 
multiply/divide units wiiich can be used to greatly increase 
the capabilities of 8-blt microprocessors. They perform 
multiply and divide operations on unsigned, binary 
operators. In general, microprocessors do not contain 
multiple or divide Instructions and even efficiently coded 
multiply or divide subroutines require considerable memory 
and execution time. These multiply/divide units directly 
interface to the CDP1800 series microprocessors via the 
N-lines and can easily be configured to fit in either the 
memory or I/O space of other 8-blt microprocessors. 

The multiple/divide unit is based on a method of multiplying 



by add and shift right operations and dividing by subtract 
and shift left operations. The device is structured to permit 
cascading Identical units to handle operands up to 32 bits. 

The CDP1856 and CDP1855C are functionally Identical. 
They differ in that the CDP1855 has a recommended 
operating voltage range of 4 — 10.5 volts, and the 
CDP1866C, a recommended operating voltage range of 4 
— 6.5 volts. 

The CDP1855 and CDP1855C types are supplied in a 28- 
lead hermetic dual-in-line ceramic package (D suffix) and 
in a 28-lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available In chip form (H suffix). 



+v 



CLEAR 
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NO 

Nl 

N2 
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mMd 
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BUS 



EF 
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RA2 
STB 
RD/WE 

YL CDPI855 
ZR 
CTL 
CO 
YR 

ZL 

BUS 



CE 

CI 

CNO 

CNI 



92CM-3433I 



Fig. 1 - Circuit configuration for MDU addressed as an I/O device. 
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CDP1855, CDP1855C 



MAXIMUM RATINGS, Absolute-Maximum Values: 



DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP1855 -0.5 to +1 1 V 

CDP1855C -0.6 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.6 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60''C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85**C (PACKAGE TYPE E) Derate Lineary at 12 mW/'^C to 200 mW 

For Ta = -66 to 100°C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +126°C (PACKAGE TYPE D) Derate Lineary at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -56 to +126°C 

PACKAGE TYPE E -40 to +85'»C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +160*»C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 10%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vq 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP18S5 


CDP1855C 


Min. 


Typ.* 


Max. 


MIn. 


Typ.* 


Max. 


Quiescent Device 
Current Iqd 


— 


0,5 
0. 10 


5 
10 


— 


0.01 
1 


60 
200 


I 


0.02 


200 


pA 


Output Low Drive 
(Sink) Current Iql 


0.4 
0.5 


0,5 
0,10 


5 
10 


1.6 
2.6 


3.2 
5.2 


— 


1.6 


3.2 


— 


mA 


Output High Drive 
(Source) Current Iqh 


4.6 
9.5 


0,5 
0.10 


5 
10 


1.15 
2.6 


2.3 
5.2 


I 


1.15 


2.3 


I 


Output Voltage 
Low-Level VoL± 


— 


0,5 
0.10 


5 
10 


— 






0.1 
0.1 


I 





0.1 


V 


Output Voltage 
High Level VoH± 


I 


0,5 
0.10 


5 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— 


Input Low 
Voltage V|l 


0.5, 4.5 
0.5, 9.5 


I 


5 
10 


I 


I 


1.5 
3 


~~ 


— 


1.5 


Input High 
Voltage V|h 


0.5, 4.5 
0.5, 9.5 


— 


5 
10 


3.5 
7 


— 


I 


3.5 


I 





Input Leakage 
Current IffSi 


— 


0,5 
0. 10 


5 
10 


— 


— 


±1 
±1 


I 


I 


±1 


A'A 


3-State Output Leakage 
Current IquT 


0,5 
0,10 


0,5 
0.10 


5 
10 


— 


— 


±1 
±10 








±1 


Operating Current 'DD1# 





0,5 
0,10 


5 
10 





1.5 
6 


12 


I 


1.5 


3 


mA 


Input Capacitance Cffsj 


— 


— 


— 


— 


5 


7.6 


— 


5 


7.5 


PF 


Output Capacitance Cqut 


— 


— 


—. 


— 


10 


15 





10 


15 



I 



•Typical values are for Ta = 25^*0 and nominal Vdd- 
#0perating current is measured at 3.2 MHz with open outputs. 
t'OL = iOH = 1 AfA. 
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RCA CMOS LSI Products 



CDP1855, CDP1855C 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating condition* should 
be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vdd 

(V) 


CDP1855 


CDP1855C 


Mm. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 




4 


10.5 


4 


6.5 


V 


input Voltage Range 


— 


vss 


Vdd 


Vss 


VDD 


Maximum Input Clock 
Frequency 


5 


3.2 


— 


3.2 


— 


MHz 


10 


6.4 


— 




— 


Minimum 8x8 Multiply 
(16 H- 8 Divide) Time 


5 


— 


5.6 


— 


5.6 


/us 


10 


— 


2.8 


— 


— 







Vdd-@ 



F\g. 2 - Block diagram of CDP1855 and CDP1855C. 
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FUNCTIONAL DESCRIPTION 



The CDP1855 is a multiply-divide unit (MDU) designed to 
be compatible with CDP1800 series microprocessor 
systems. It can, in fact, be interfaced to most 8-bit 
microprocessors (see Fig. 6). The CDP1866 performs binary 
multiply or divide operations as directed by the micro- 
processor. It can do a 16N-bit by 8N-bit divide yielding an 
8N-bit result plus and 8N-bit remainder. The multiply is an 
8N-blt by 8N-bit operation with a 16N-blt result. The "N" 
represent the number of cascaded CDP1 855's and can be 1 , 
2, 3 or 4. All operations require 8N + 1 shift pulses (See 
"DELAY NEEDED WITH AND WITHOUT PRESCALER" Pg. 
7). 



The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion. In addition, the 
control register must be loaded to initiate a multiply or 
divide. There is also a status register which contains an 
overflow flag as shown in the "CONTROL REGISTER BIT 
ASSIGNMENT TABLE". The register address lines (RAO- 
RA1) are used to select the appropriate register for loading 
or reading. The RD/WE anci STB lines are used In 
conjunction with the RA lines to determine the exact MDU 
response (See "CONTROL TRUTH TABLE"). 



When multiple MDU's are cascaded, the loading of each 
register is done sequentially. For example, the first selection 
of register X for loading loads the most significant CDP1 855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially. This is accomplished by 
internal counters on each MDU which are decremented by 
STB during each register selection. When the counter 
matches the chip number (CN1, CNO lines), the device Is 
selected. These counters must be cleared with a clear on 
pin 2 or with bit 6 in the control word (See "CONTROL 
REGISTER BIT ASSIGNMENT TABLE") In order to start 
each sequence of accesses with the most significant device. 

The CDP1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies or in systems where a suitable clock frequency 
is not readily available. Without the prescaler select, the 
shift frequency is equal to the clock input frequency. With 
the prescaler selected, the rate depends on the number of 
MDU's as defined by bit^ 4 and 5 of the control word (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE"). 

1 . For one MDU, the clock frequency is divided by 2. 

2. For two MDU's the clock frequency Is divided by 4. 

3. For 3 or 4 MDU's, the clock frequency is divided by 8. 



OPERATION 



Initialization and Controls 



The CDP1855 must be cleared by a low on pin 2 during 
power-on which prevents bus contention problems at the 
Yl, Yr and Zl. Zr terminals and also resets the sequence 
counters and the shift pulse generator. 

Prior to loading any other registers the control register must 
be loaded to specify the number of MDU's being used (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE"). 

Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined in the "CONTROL TRUTH TABLE". All bytes of the 
X register can be loaded, then all bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly. Succcessive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, 
as previously described. Resetting the sequence counters 
select the most significant MDU. In a four MDU system, 
loading all MDU's results in the sequence counter pointing 
to the first MDU again. In all other configurations (1 , 2, or 3 
MDU's), the sequence counter must be reset prior to each 
series of register reads or writes. 

2. Divide Operation 

For the divide operation, the divisor is loaded in the X 
register. The dividend is loaded In the Y and Z registers with 
the more significant half in the Y register and the less 
significant half in the Z register. These registers may be 



loaded in any order, and after loading is completed, a 
control word is loaded to specify a divide operation and the 
number of MDU's and also to reset the sequence counters 
and Y or Z register and select the clock option if desired. 
Clearing the sequence counters with bit 6 will set the MDU's 
up for reading the results. 

The X register will be unaltered by the operation. The 
quotient will be In the Z register while the remainder will be 
in the Y register. An overflow will be Indicated by the 
C.O./O.F. of the most significant MDU and can also be 
determined by reading the status byte. 

The overflow indicator will be set at the start of a divide 
operation if the resultant will exceed the size of the Z 
register (8N bits). 

The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 

3. Multiply Operation 

For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers. The result Is in the Y and 
Z register with Y being the more significant half and Z the 
less significant half. The X register will be unchanged after 
the operation is completed. 

The original contents of the Y register are added to the 
product of X and Z. Bit 3 of the control word will reset 
register Y to If desired. 



I 
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RCA CMOS LSI Products 



CDP1855, CDP1855C 



FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 



CE - CHIP ENABLE (Input): 

A high on this pin enables the CDP1865 MDU to respond to 
the select lines. All cascaded MDU' s must b e enabled 
together. CE also controls the tristate C.O./O.F., output of 
the most significant MDU. 

CLEAR (Input): 

The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits and 1 of the 
control register. 

CTL — CONTROL (Input): 

This is an input pin. All CTL pins must be wired together and 
to the Yl of the most significant CDP1855 MDU and to the 
Zr of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 



C.O./O.F. — CARRY OUT/OVER FLOW (Output): 



This is a tristate output pin. I t is the CDP 1855 Carry Out 
signal and is connected to CI (CARRY-IN) of the next more 
significant CDP1 855 MDU, except for on the most significant 
MDU. On that MDU it is an overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 

Yl. Yr - Y-LEFT, Y-RIGHT: 

These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU's. The 
Yr pin Is an output and Yl is an input during a multiply and 
the reverse is true at all other times. The Yl pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the Yl pin of the most significant 
CDP1 855 MDU must be connected to the Zr pin of the least 
significant MDU and to the CTL pins of all MDU's. Also the 
Yr pin of the least significant MDU is tiexd to the Zl pin of 
the most significant MDU. 

Zl, Zr — Z-LEFT, Z-RIGHT: 

These are tristate bi-directional pins for data transfers 
between the "Z" registers of cascaded MDU's. The Zr pin Is 
an output and Zl Is an input during a multiply and the 
reverse is true at all other times. The Zl pin must be tied to 
the Yr pin of the next more significant MDU. An exception 
is that the Zl pin of the most significant MDU must be 
connected to the Yr pin of the least significant MDU. Also, 
the ZR pin of the least significant MDU is tied to the Yl of the 
most significant MDU. 

ShIfT — SHIFT CLOCK: 

This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all oth er MDU 's. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where "N" equals the number of MDU devices that are 
cascaded. 



CLK — CLOCK (Input): 

This pin should be grounded on all but the most significant 
MDU. There is an optional reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte. 

STB - STROBE (Input): 

When RD/WE is low data Is latched from bus lines on the 
falling edge of this signal. It may be asynchronous to the 
clock. Strobe also increments the selected register's 
sequence counter during reads and writes. TPB would be 
used in CDP1800 systems. 

RD/WE - READ/WRITE ENABLE (Input): 

This signal defines whether the selected re giste r is to be 
read from or written to. In 1800 syste ms use MRD If MDU's 
are addressed as I/O devices, MWR is used if MDU's are 
addressed as memory devices. 

RA2, RA1, RAO — REGISTER ADDRESS (Input): 

These input signals define which register Is to be read from 
or written to. It can be seen In the "CONTROL TRUTH 
TABLE" that RA2 can be used as a chip enable. It is 
Identifica l to the CE pin, except only CE controls the tristate 
C.O./O.F. on the most significant MDU. In 1 800 systems use 
N lines If MDU's are used as I/O devices, use address lines 
or function of address lines if MDU's are used as memory 
devices. 

BUS — BUS 7 - BUS LINES: 

Tristate bi-directional bus for direct interface with CDP1 800 
series and other 8-bit microprocessors. 

Zr - Z-RIGHT: 

See Pin 6. 
Yr- Y-RIGHT: 

See Pin 5. 



CI — CARRY IN (Input): 

This Is an Input for the carry from the next less significant 
MDU. On the least significant MDU it must_be high (Vpo) 
on all others It must be connected to the CO pin of the next 
less significant MDU. 

CN1, CNO — CHIP NUMBER (Input): 

These two Input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU's are used. Then CN1 = high and CNO = low for the 
next MDU and so forth. 

Vss - GROUND: 

Power supply line. 
VDD-V+: 

Power supply line. 
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CONTROL TRUTH TABLE 







INPUTS* 










RA2 


RA1 


RAO 


RD/WE 


STB 


RESPONSE 


CE 


(N2) 


(N1) 


(NO) 


(MRD) 


(TPB) 







X 


X 


X 


X 


X 


NO ACTION (BUS FLOATS) 


X 





X 


X 


X 


X 


NO ACTION (BUS FLOATS) 












1 


X 


X TO bus) INCREMENT SEQUENCE 









1 


1 


X 


Z TO BUS > COUNTER WHEN 






1 





1 


X 


Y TO BUS \ STB AND RD = 1 






1 


1 


1 


X 


STATUS TO BUS 















1 


LOAD X FROM BUS / INCREMENT 









1 





1 


LOAD Z FROM BUS > SEQUENCE 






1 








1 


LOAD Y FROM BUS ) COUNTER 






1 


1 





1 


LOAD CONTROL REGISTER 






X 


X 








NO ACTION (BUS FLOATS) 



( ) = 1800 system signals. 1 = High Level, = Low Level, X = High or Low Level. 

CONTROL REGISTER BIT ASSIGNMENT TABLE 



BUST 



BUS 6 



BUSS 



BUS 4 



BUS 3 BUS 2 



BUS1 



BUSO 



n 



REGISTER 
RESET 



B1 


BO 


OPERATION SELECT 








NO OPERATION 





1 


MULTIPLY 


1 





DIVIDE 


1 


1 


ILLEGAL STATE 



B2 = 1, RESET Z REGISTER 
B3 = 1, RESET Y REGISTER 



B5 


B4 


# of MDU's 


1 


1 


ONE MDU 


1 





TWO MDU's 





1 


THREE MDU's 








FOUR MUD'S 



B6 = 1, RESET SEQUENCE COUNTER 



87 = 1, SELECT SHIFT RATE OPTIONS: 
87 » 0, SHIFT = CLOCK FREQUENCY RATE 



# OF MDU's 


SHIFT RATE 


1 


CLOCK ^2 


2 


CLOCK ^4 


3 


CLOCK ^ 8 


4 


CLOCK ^ 8 



I 



STATUS REGISTER 





Status Byte 


Bit 


7 6 6 4 3 2 10 


Output 


O.F. 




O.F. = 1 if overflow (only valid 
after a divide has been done) 



NOTE: Bits 1 — 7 are read as always 
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DELAY NEEDED WITH AND WITHOUT PRESCALER 



8N^1 Shifts/Operation at 1 Clock Cycle/Shift 
N ^ Number of MDU's S = Shift Rate 



Number 

of 
MDU's 


No Prescaler 


With Prescaler 1 


Shifts . 8N^1 
Needed 


Machine 

Cycles 

Needed* 


Shifts =: s (811+1) 
Needed 


Machine 

Cycles 

Needed* 


Shift 
Rate 


1 


9 


2 (1 NOP) 


18 


3 (1 NOP) 


2 


2 


17 


2 (1 NOP) 


68 


9 (3 NOPs) 


4 


3 


25 


3 (1 NOP) 


200 


25 (9 NOPs) 


8 


4 


33 


4 (2 NOPs) 


264 


33(11 NOPs) 


8 



*NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 



CDP1855 INTERFACING SCHEMES 



CLE AR 
XTAL 
MAO 
MAI 

MAX 
1802 
TPA 
MWR 

mo 

TPB 
BUS ^' 



HIGH 

ADDRESS 

LATCH 

Z3~ 



^ 



CLEAR 
-♦I CLOCK 

RAO ClH' 

"*' CNOH 

CNi 



RA2 



1855 



YL 

ZR 

CTL 



RE/WE 
CE 

STB YR 

ZL 



CO 



BUS 



+vdo 



92CS-33I13RI 



♦ vcc 

n?! 281 27? 26] 251 
Vss Vnn CN0 CNI 51 




Fig. 3 - Required connection for memory 
mapped addressing of the MDU. 



Fig. 4 - 



Interfacing the CDP1855 to an 8085 
microprocessor as an I/O device. 
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PROGRAMMING EXAMPLE 



For a 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7Ci6by723C09i6: 



MEMORY 


OP 


LOCATION 


CODE 


0000 


F830S 


0002 


A2; 


0003 


FSOOs 


0005 


B2; 


0006 


67585 


0008 


5 


0008 


5 


0008 


5 


0008 


6420; 


OOOA 


; 


OOOA 


641F5 


OOOC 


; 


OOOC 


647C; 


OOOE 


5 


OOOE 


65725 


00 1 


■ 


0010 


653C5 


0012 


; 


00 1 2 


6509; 


0014 


5 


00 1 4 


6759; 


00 1 6 


5 


00 1 6 


5 


00 1 6 


; 


0016 


5 


0016 


E2; 


0017 


6E60 ; 


0019 


5 


0019 


6E60JJ 


00 IB 


6E6O5 


00 ID 


6D6O5 


00 IF 


6D6O5 


0021 


6D; 


0022 




0022 


5 


0022 


; 


0022 


3022; 


0024 


5 


0000 





LINE 


ASSEMBLY 




NO. 


LANGUAGE 




0001 


LDI 


030H 




0002 


PLO 


R2 






0003 


LDI 


OOH 




0004 


PHI 


R2 






0005 


OUT 


7; 


DC 


058H 


0006 










0007 










0008 










0009 


GUT 


4; 


DC 


020H 


0010 










0011 


OUT 


4; 


DC 


OlFH 


0012 










0013 


OUT 


4; 


DC 


07CH 


0014 










0015 


OUT 


5; 


DC 


072H 


0016 










0017 


OUT 


55 


DC 


03CH 


0018 










0019 


OU T 


5; 


DC 


09H 


0020 










002 1 


GUT 


7; 


DC 


059H 


0022 










0023 










0024 










0025 










0026 


SEX 


R2 






0027 


INP 


6; 


IRX 




0028 










0029 


INP 


6; 


IRX 




0030 


INP 


6; 


IRX 




003 1 


INP 


5; 


IRX 




0032 


INP 


5; 


IRX 




0033 


INP 


5 






0034 










0035 










0036 










0037 STOP 


BR STOP 




0038 


END 









-LOAD 30 INTO R2.0 

.LOAD 00 INTO R2. 1 (R2=0030) 

.LOAD CONTROL REGISTERS 

.SPECIFYING THREE MDU'S, 

.RESET THE Y REGISTER AND 

.SEQUENCE COUNTER 

.LOAD MSB OF X REGISTER 

.WITH 20 

.LOAD NEXT MSB OF X REG 

.WITH IF 

.LOAD LSB OF X REGISTER 

.WITH 7C 

.LOAD MSB OF Z REGISTER 

.WITH 72 

.LOAD NEXT MSB OF Z REG 

.WITH 3C 

.LOAD LSB OF Z REGISTER 

.WITH 09 

.LOAD CONTROL REGISTERS 

.RESETTING Y REGISTERS 

.AND SEQUENCE COUNTERS 

.AND STARTING MULTIPLY 

.OPERATION 

.MSB OF RESULTS IS STORED 
.AT LOCATION 0030 



.COMPLETE LOADING RESULT 
.INTO MEMORY LOCATIONS 
.0030 TO 0035 
. RESULTS=0E558DBA2B5C 



I 



The result of 201F7Ci6 x 723C09i6 'S 0E558DBA2B5C = 
15760612797276-10. It will be stored in memory as follows: 



BEFORE MULTIPLY 



LOC 


BYTE 


0030 


OE 


31 


55 


32 


8D 


33 


BA 


34 


2B 


35 


5C 



MDU1 



Register X 
Register Y 
Register Z 



AFTER MULTIPLY 



Register X 
Register Y 
Register Z 



MDU1 



MDU2 



MDU3 



20 


IF 


7C 


00 


00 


00 


72 


3C 


09 



MDU2 



MDU3 



20 


1F 


7C 


OE 


55 


8D 


BA 


2B 


5C 
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72ZZZZZS 



t 



BUS R 
CN 



W 
CN0 E 

CLK 

SHIFT 
Yl 

Zl 
5T 



c 

L 
B R 

RA0 
RAI 

RA2 
Yr 
ZR 

CTL 



^////, 



Vdo 

u 



^8 



5 -MRD 

— TPB 

- CLEAR 
-N2 
-Nl 
-N0 



BUS R 
CNI I 
CN0 ^ 
CLK 
TH SHIFT 



Yl 
zl 



B R 
RA0 
RAI 
RA2 

yr 

Zr 

CTL 

=1= 



Voo 

tr 



BUS R 

D 

CNI ^ 

CN0 ^ 
CLK 

shTFt 
yl 

ZL 

ins 

CE 



RAi5 
RAI 
RA2 

Yr 

_Zr 
C.I. 
CTL 



MOST SIGNIFICANT 



Vdd 

J 



-TO 
CPU 



/ 



- OR 
I/O SELECT 



LEAST SIGNIFICANT 

92CM-3I850 



f\g. 5 - Cascading three MDU's (CDPIdSS) in an 1800 system witii MDU's being accessed as 
I/O ports in programming example. 



v/y///y//////////////^/M^kifK eu? V///m^^!^^A^^^ 






^ 



BUS R S tr 
~ T L 



CN0 
» CLK 
SHIFT RAE 

Yr 

C.I 
CDPI855 
CE CTL 



Yl 

Hzl 



BUS R 



n 



_ B R 

CNI \ 

CN0 RA0 
- ^ CLK RAI 
^ SHIFT RA2 

Yl Yr 

CO C.l. 

CDPI855 
CE CTL 



Vdd 

Id; 



BUS R S C 
D T L 
Z. B R 

CNI \ 
CN0 RA0 
. - C-K RAI 
SHIFT RA2 
Yl Yr 

CO C.I. 

CDPI855 

CE CTL 



BUS R S 5 
D T L 
/BR 



RA0|-' 
RAI 



CN0 

CLK 

SHIFT RA2 

Yl 

Zl 



Yr 

C.I. 
CDPI855 
CE CTL 



CO 



BUS 

MRD 

TPB 

CLEAR 

N2 

Nl 

N0 



Vdo 



MOST SIGNIFICANT 



LEAST SIGNIFICANT 



fig. 6 - Cascading four MDU's (CDP1d55). 
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1800-Series Peripherals 



CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85« C, YpD :t5% tr, tf = 20 ns, V|h = 0.7 Vno. Vii = 0.3 Vdd» 
Cl = 100 pF (See Fig. 7) 



CHARACTERISTIC* 


vdd 

(V) 


LIMITS 


UNITS 


CDP1855 


CDP1855C 


Min. 


Typ/ 


Max. 


MIn. 


Typ.* 


Max. 



Operation Timing 



Maximum Clock Frequency+ 


5 


3.2 


4 




3.2 


4 




MHz 


10 


6.4 


8 


— 


«. 


— 


__ 


Maximum Shift Frequency 
(1 Device)A 


5 


1.6 


2 


~ 


1.6 


2 


— 


10 


3.2 


4 


— 


~ 


— 


— 


Minimum Clock Width ]p^^^ 

tCLK1 


5 


— 


100 


150 


— 


106 


156 


ns 


10 


— 


50 


75 


— 


— 


— 


Minimum Clock Period tcLK 


5 


— 


250 


312 


— 


250 


312 


10 


— 


125 


156 


-_ 


— 


— 


Clock to Shift Prop. Delay tcSH 


5 


— 


200 


300 


— 


200 


300 


10 


— 


100 


150 


— 


— 


— 


Minimum C.I. to Shift Setup tsu 


6 


— 


50 


67 


— 


50 


67 


10 


— 


25 


33 


— 


~ 


-_ 


CO. from Shift Prop. Delay [^^^ 

tpHL 


5 


— 


450 


600 


— 


450 


600 


10 


— 


225 


300 


~ 


— 


— 


Minimum C.I. from Shift Hold tH 


5 


— 


50 


75 


— 


50 


75 


10 


-- 


25 


40 


— 


— 


— 


Minimum Register Input Setup ^SU 


5 


— 


-20 


10 


— 


-20 


10 


10 


— 


-10 


10 


— 


— ■ 


— 


Register after Shift Delay [^^^ 

tpHL 


5 


— 


400 


600 


— 


400 


600 


10 


~ 


200 


300 


- 


— 


- 


Minimum Register after Shift Hold ^H 


5 


— 


50 


100 


— 


50 


100 


10 


_ 


25 


50 


— 


— 


— 


CO. from CI. Prop. Delay J^"-^ 

tpHL 


5 


— 


100 


150 


— 


100 


150 


10 


— 


50 


75 


— 


— 


— 


Register from CI. Prop. Delay ^^^^ 

tpHL 


5 


— 


80 


120 


— 


80 


120 


10 


— 


40 


60 


— 


— 





I 



•Maximum limits of minimum characteristics are the values above which all devices function. 

*Typical values are for T^ = 25° C and nominal voltages. 

+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency 

equals shift frequency for systems not using the internal clock option. 
AShlft period for cascading of devices is increased by an amount equal to the CT. to CO. Prop. Delay for each device added. 





\* ♦clock •"! 






r 










CLK 




1 
1 


2 

2 


9 


. 




1 












SHIFT (PRES 


CALER OFF) 






9 




^CSH— H 


■" — 












en;i.YL.YR 












zl.Zr out )( 


) 


/ 




X 


X 


♦su— * 






' 


s 

Q 




♦h 


— 


Zl.Zr 'n ) 




> 


/ 
\ 


X 


) 


/ 

V 

















Fig. 7 - Operation timing diagram. 



92CM-34840 
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RCA CMOS LSI Products 



CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ±5% tr, t( = 20 nt, V|h = 0.7 Vdo> V|L = 0.3 Vdd. 
Cl = 100 pF (Sm Fig. 8) 



CHARACTERISTIC* 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1855 


CDP1855C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 



Write Cycle 



Minimum Clear Pulse Width tCLR 


5 




50 


75 




50 


75 


ns 


10 


_ 


25 


40 


— 






Minimum Write Pulse Width tww 


6 


— 


150 


225 


— 


150 


226 


10 


— 


75 


115 


— 


— 


— 


Minimum Data-in Setup tpSU 


5 


— 


-75 





— 


-75 





10 


— 


-40 





— 


— 


— 


Minimum Data-in-Hold toH 


5 


— 


50 


75 


— 


50 


75 


10 


— 


25 


40 


— 


— 


— 


Minimum Address to Write Setup tASU 


5 


— 


50 


75 


— 


50 


75 


10 


— 


25 


40 


— 


— 


— 


Minimum Address after Write Hold tAH 


5 


— 


50 


75 


— 


50 


75 


10 


— 


25 


40 


— 


—• 


— 



•Maximum limits of minimum characteristics are the values above which all devices function. 
*Typical values are for Ta = 25*0 and nominal voltages. 



-^CLR 



^^ 



JL 






:Sl 



ir^\ 



D|N 



RA0-2 



X 



}C 



'WRITE IS OVERLAP OF 
CE = I,RD/WE =0,AND STB« I 



92CM-3484t 



-Uh 



F/flf. 8 - lVr/7e tm'mg diagram. 
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1800-Series Peripherals 



CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85'' C, Vdd ±5% tr, tf = 20 ns, V|h = 0.7 Vno, Vii = 0.3 Vdd. 
CL = 100pF(SwFlg.9) 



CHARACTERISTIC* 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1855 


CDP1855C 


MIn. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 



Raad Cycia 



CE to Data Out Active tcDO 


5 


^ 


200 


300 




200 


300 


ns 


10 


— 


100 


150 










CE to Data Access tCA 


5 


— 


300 


450 


— 


300 


450 


10 


— 


150 


225 


— 


— 


— 


Address to Data Access tAA 


5 


— 


300 


450 


— 


300 


460 


10 


— 


150 


225 


— 


— 


— 


Data Out Hold after CE tpOH 


5 


50 


150 


225 


50 


150 




10 


25 


75 


115 


— 






Data Out Hold after Read tpOH 


5 


50 


150 


225 


50 


150 


225 


10 


25 


75 


115 


— 


— 


— 


Read to Data Out Active tRDO 


5 


— 


200 


300 


— 


200 


300 


10 


— 


100 


150 


— 


— 


— 


Read to Data Access tpA 


5 


— 


200 


300 


— 


200 


300 


10 


— 


100 


150 


— 


— 


— 


Strobe to Data Access tSA 


5 


50 


200 


300 


50 


200 


300 


10 


25 


100 


150 


— 


— 


— 


Minimum Strobe Width tsw 


5 


— 


150 


525 


_-. 


150 


225 


10 


- 


75 


115 


- 


— 


- 



I 



•Maximum limits of minimum cliaracterlstics are the values above which all devices function. 
*Typlcal values are for Ta = 25^*0 and nominal voltages. 



CE- 

ro/We- 



RA0-2 



^c 



/SEQU 



ADVANCE 

ENCE COUNTER 



X 



tSA !♦ |-*~»AA-*{ 



I 



-^ ^ooHr*- 



n 



■o: 



T" 'RA 



-J 



y- 



92CM-3I852 



F\g. 9 - Read timing diagram. 
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206- 
200- 



180- 



160- 



140- 



20 

I 



40 

I 



60 

I 



80 



100 

I 



20 

I 



(40 



160 



224 
180 200 220 

I I I I 



203-211 
(5.156-5.359) 




(5.613-5.817) 

Dimensions and pad layout for CDP1855CH 



92CL-3334I 



Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mil {10"^ 
inch). 



The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57° 
instead ofQO'' with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
(0, 1 7 mm) larger in both dimensions. 



OPERATING AND HANDLING CONSIDERATIONS 

Handling 

All Inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
aredescrlbed in ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits". 
Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vqd — Vss to exceed the absolute maximum 
rating. 



input Signals 

To prevent damage to the Input protection circuit, Input 
signals should never be greater than Vqc nor less than 
VsS- Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc o'' VsS' whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vdd, VqC' or Vss niay damage 
CMOS devices by exceeding the maximum device 
dissipation. 



244 



1800-Serie8 Peripherals 



010 


1 16 


— Vpo 


on — 


2 15 


— cs 


000 — 


3 14 


— OBO 


001 — 


4 13 


OBI 


002 — 


5 12 


0B2 


003 — 


6 II 


0B3 


012 


7 10 


MRO 


vss — 


8 9 


— 013 




TOP VIEW 




92CS- 28097 


TERMINAL ASSIGNMENT 



CDP1856, CDP1856C, CDP1857, CDP1857C 

4-Bit Bus Buffers/Separators 



Features: 

■ Provides easy connection of memory 
and I/O devices to CDPIdOO-series 
microprocessor data bus. 

■ Non-inverting fully buffered data 
transfer 



The RCA-CDP1856, CDP1856C, CDP1857, and CDP1857C 
are 4-bit CMOS non-inverting bus separators designed for 
use in CDP1800-series microprocessor systems. They can 
be controlled directly by a 1800-series microprocessor 
without the use of additional components. 
The CDP 1 856 Is designed for use as a bus buffer or separa- 
tor between the 1800-series microprocessor data bus and 
memories. The CDP1 857 is designed for use as a bus buffer 
or separator between the 1800-series microprocessor data 
bus and I/O devices. Both types provide a chip-select (CS) 
input signal which, when high (1), enables the bus- 
separator three-state output drivers. The direction of data 
flow, when enabled, is controlled by the MRD input signal. 
In the CDP1856, when the MRD signal = (low), it enables 
the three-state bus drivers (DBO — DBS) and out puts d ata 
from the DATA-IN terminals to the data bus. When MRD = 1 
(high), it disables the three-state bus drivers and enables 
the three-state data output drivers (DO0-DO3), thus 
transferring data from the data bus to the DATA-OUT 
terminals. 

In the CDP1857, when MRD = 1. it enables the three state 
bus drivers (DB0-DB3) and transf ers da ta from the DATA- 
IN lines onto the data bus. When MRD = 0, it disables the 



three-state bus drivers (DB0-DB3) and enables the three- 
state data output drivers (DO0-DO3), thus tranferring data 
from the data bus to the DATA-OUT terminals. 

The CDP1856 or CDP1857 can be used as a bi-directional 
bus buffer by connecti ng th e corresponding Dl and DO 
terminals (Fig. 2). The MFTD output signal from the 1Q00 
series microproc3ssor has the correct polarity to control 
the CDP1 856 when this device is used as a memory data bus 
buffer/ separator, or the CDP1857 when it is used as I/O bus 
buf fer/se parator. Therefore, the 1800 series microproces- 
sor MRD signal can be connected directly to the MRD input 
of either device. See Function Tables I and II for use of the 
CDP1856 as a memory data bus buffer/separator and 
CDP1857 as an 1/0 bus buffer/separator. 

The CDP1856 and CDP1857 are functionally identical to the 
CDP1856C and CDP1857C, respectively. The CDP1856 and 
CDP1857 have a recommended operating-voltage range of 
4 to 10.5 volts, and the CDP1856C and CDP1857C have a 
recommended operating-voltage range of 4 to 6.5 volts. The 
CDP1856, CDP1856C, CDP1857 and CDP1857C are sup- 
plied in 16-lead hermetic, dual-in-line ceramic packages (D 
suffix), and in 16-lead plastic packages (E suffix). 



I 



CDP1857 FUNCTION TABLE I 
For I/O Bus Separator Operation 



CS 


MRD 


DATA BUS OUT 
DBO -> DB3 


DATA OUT 
DOO - DOS 





X 


HIGH 
IMPEDANCE 


HIGH 
IMPEDANCE 


1 





HIGH 
IMPEDANCE 


DATA BUS 


1 


1 


DATA IN 


HIGH 
IMPEDANCE 



CDP1856 FUNCTION TABLE II 
For Memory Data Bus Separator Operation 



CS 


MRD 


DATA BUS OUT 
DBO - DBS 


DATA OUT 
DOO - DOS 





X 


HIGH 
IMPEDANCE 


HIGH 
IMPEDANCE 


1 





DATA IN 


HIGH 
IMPEDANCE 


1 


1 


HIGH 
IMPEDANCE 


DATA BUS 
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CDP1856, CDP1856C, CDP1857, CDP1857C 
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Fig. 1 — Functional diagrams for CDP1856 and CDP1857. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 

(All voltage values referenced to Vss terminal) 

CDP1856, CDP1857 ........; -0.5 to +1 1 V 

CDP1856C, CDP1857C -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdd + 0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60"='C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85^0 (PACKAGE TYPE E) Derate Linearly at 12 mW/'*C to 200 mW 

For Ta = -55 to +100<'C (PACKAGE TYPE D) 500 mW 

For Ta +100 to +125*^0 (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125*'C 

PACKAGE TYPE E ^0 to +85'»C 

STORAGE TEMPERATURE RANGE (Ts,g) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265"*C 
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CDP1856, CDP1856C, CDP1857, CDP1857C 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1856 
CDP1857 


CDP1856C 
CDP1857C 


Min. 


Max. 


MIn. 


Max. 


Supply-Voltage Range 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 


V 



STATIC ELECTRICAL CHARACTERISTICS at Ta -- 


= -40 to +85° C, 


Except as noted 










CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 

(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1856 
CDP1857 


CDP1856C 
CDP1857C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 

Current, Idd 


— 


0,5 


5 


— 


1 


10 


— 


5 


50 


//A 


— 


0,10 


10 


— 


10 


100 


— 


— 


— 


Output Low Drive 

(Sink) Current, Iql 


0.4 


0,5 


5 


1.6 


3.2 


— 


1.6 


3.2 


— 


mA 


0.5 


0,10 


10 


2.6 


5.2 


- 


- 


- 


- 


Output High Drive 

(Source Current), Ioh 


4.6 


0,5 


5 


-1.15 


-2.3 


— 


-1.15 


-2.3 


— 


mA 


9.5 


0,10 


10 


-2.6 


-5.2 


— 


— 


— 


— 


Output Voltage 

Low-Level* Vol 


— 


0.5 


5 


— 





0.1 


— 





0.1 


V 


- 


0,10 


10 


- 





0.1 


- 


- 


- 


Output Voltage 

High-Level* Voh 


— 


0.5 


5 


4.9 


5 


— 


4.9 


5 


— 


— 


0,10 


10 


9.9 


10 


— 


— 


— 


— 


Input Low 

Voltage, V,l 


0.5,4.5 


— 


5 


— 


— 


1.5 


— 


— 


1.5 


V 


0.5,9.5 


— 


10 


- 


- 


3 


— 


— 


— 


Input High 

Voltage. V,h 


0.5,9.5 


— 


5 


3.5 


— 


— 


3.5 


— 


— 


0.5,9.5 


— 


10 


7 


— 


— 


— 


— 


— 


Input Leakage 

Current, Iin 


Any 
Input 


0.5 


5 


— 


— 


±1 


— 


— 


±1 


//A 


0,10 


10 


— 


— 


±1 


— 


— 


— 


Operating Current, 

Iddi« 


0,5 


0,5 


5 


— 


50 


100 


— 


50 


100 


/iA 


0.10 


0,10 


10 


— 


150 


300 


— 


— 


_ 


Input Capacitance, Cin 


— 


— 


_ 


— 


5 


7.5 


— 


5 


•7.5 


PF 


Output Capacitance, Gout 


— 


— 


— 


— 


10 


15 


— 


10 


15 


PF 



I 



*Typical values are for Ta = 25° C and nominal voltage. 

■ Operating current measured In a CDP1802 system at 3.2 MHz with outputs floating. 

• loL = Ioh = 1 fjA. 
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CDP1856, CDP1856C, CDP1857, CDP1857C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T* = -40 to +85° C, Vdd =± 5%, 
ViH = 0.7 Vdd, V,l = 0.3 Vbd, t„ ti = 20 ns, Cl = 100 pF 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1856 
CDP1857 


CDP1856C 
CDP1857C 


Typ.» 


Max. 


Typ.» 


Max. 


Propagation Delay Time: 

MRD or OS to DO, teo 


5 


150 


225 


150 


225 


ns 


10 


75 


125 


— 


__ 


MRD or OS to DB, tee 


5 


150 


225 


150 


225 


ns 


10 


75 


125 


— 


— 


Dl to DB, tiB 


5 


100 


150 


100 


150 


ns 


10 


50 


75 


— 


— 


DB to DO teo 


5 


100 


150 


100 


150 


ns 


10 


50 


75 


— 


~ 



• Typical values are for Ta = 25° and nominal voltages. 
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Fig. 2 — Timing diagrams for CDP1856 or CDP1857 (see footnote). 
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CDP1856, CDP1856C, CDP1857, CDP1857C 

TYPICAL APPLICATIONS 
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ENABLE BUS-TO-BUS 
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Fig. 3 — CDP1856, CDP1d57 bidirectional bus buffer operation. 





J8) . 




x/o 


(4) 
(8) 


(4) 










(4) 







CDPI800 

SERIES 

CPU 

NO.NI, MWR 



DATA 
BUS 



CS 

CDPI857 
DO0-OO3 

DB0-DB3 

DIC^-DI3 

MRD 



<i^ 



MRD 
CDPI857 

Ori^- DI3 

DBj2^-DB3 

DO0-DO3 
CS 



<K> 



» 



CS 
C0PI856 
DO0-OO3 
DB0-DB3 

DI0-DI3 

MRD 



<^ 



MRD 
CDPI856 

DO0-DO3 

DB)Zi-DB3 

DI0-DI3 



CS 
M3D 



CDPI82I 

RAMS 

(4) 

DO MWR 



CDPI82I 

RAMS 

(4) 



92CM-28098R2 



Fig. 4 — CD PI 856 and CDP1857 bus separator operation. 
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CDP1858, CDP1858C, CDP1859, CDP1859C 

4-Bit Latch and Decoder 
Memory Interfaces 

Features: 

■ Provides easy connection of 
memory devices to CDP1802 
microprocessor 

m Non-inverting fully buffered data 
transfer 
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CDP1858 


TERMINAL ASSIGNMENT 



RCA-CDP1858, CDP1858C, CDP1859, and CDP1859C are 
CMOS 4-bit latch decode circuits designed for use in 
CDP1800 series microprocessor systems. These devices 
have been specifically designed for use as memory-system 
decoders and interface directly with the 1800-series mi- 
croprocessor multiplexed address bus at maximum clock 
frequency. 

The CDP1 858 and CDP1 859 are functionally identical to the 
CDP1858C and CDP1 859C, respectively. The CDP1858 and 
CDP1859 have a recommended operating-voltage range of 
4 to 10.5 volts, and the CDP1858C and CDP1859C have a 
recommended operating-voltage range of 4 to 6.5 volts. 
The CDP1858 interfaces the 1800-series microprocessor 
address bus and upto32 CDP1822 256 x4 RAM's to provide 
a 4K byte RAM system. No additional components are re- 
quired. The CDP1858 generates the chip selects required 
by the CDP1822 RAM. The chip select outputs are a func- 
tion of the address bits connected to Inputs MAO through 
MA3. 

The MA0-MA3 address bits are latched at the trailing e dge 
of TP A (generated by the CDP1802). When EN- 
ABLE=1 (Vdd), the CS o utputs=0 (Vss), and the CE out- 
puts=1. When ENABLE=0, the outputs are enabled and 
corres pond to the binary decode of the inputs. The EN- 
ABLE input can be used for memory system expansion. 

The CDP1858 is also compatible with non-multiplexed ad- 
dress bus microprocessors. By connecting the CLOCK 
input to 1 (Vdd), the latches are in the data following mode 
and the decoded outputs can be used in general-purpose 
memory-system applications. 

The CDP1869 interfaces the 1800-series microprocessor 
address bus and up to 32 CDP1821 1024 x 1 RAM's to 



provide a 4K byte RAM system. The CDP1 859 generates the 
chip selects required bytheCDP1821 RAM. The chip select 
outputs are a function of the address bits connected to 
inputs MA2 and MA3. The address bits connected to inputs 
MAO and MAI are latched by the trailing edge of TPA (gen- 
erated by the 1800-series microprocessor) to provide the 
two additional address lines required by the CDP1 821 when 
^^^^ i n a CD PI 800 series microprocessor-based sy stem . 
When ENABLE=1, the CE outputs are 1's; when tfT- 
ABLE=0, and CE outputs are enabled and corre spond to 
the binary decode of the MA2 and MA3 inputs. ^ABLE 
does not affect the latching or state of outputs A8, A8, A9, or 
A9. 

The CDP1858, CDP1858C, CDP1859, and CDP1859C are 
supplied in 16-lead, hermetic, dual-in-line side-brazed ce- 
ramic packages (D suffix) and in 16-lead dual-in-line plastic 
packages (E suffix). 
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TERMINAL ASSIGNMENT 
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Fig. 1 — CDP1858 — Functional diagram. 



CDP1858, CDP1858C, CDP1859, CDP1859C 
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Fig. 2 ~- CDP1859 — Functional diagram. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP1858, CDP1859 -0.5 to +1 1 V 

CDP1858C, CDP1859G -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±100 //A 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60«C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85''C (PACKAGE TYPE E) Derate Linearly at 12 m\NrC to 200 mW 

For Ta = -55 to +100°C (PAbKAGE TYPE D) 500 mW 

For Ta +100 to +125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, H -55 to +125*0 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 + 0.79 mm) from case for 10 s max +265°C 



I 
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CDP1858, CDP1858C, CDP1859, CDP1859C 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range. 

For maximum reliability, operating conditions should be selected so that operation is always 

within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1858 
CDP1859 


CDP1858C 
CDP1859C 


Min. 


Max. 


Min. 


Max. 


Supply-Voltage Range 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 


V 



STATIC ELECTRICAL CHARACTERISTICS at Ta 


= -40 to +85° C. 


Except as noted 










CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 


V,N 


Vdd 


CDP1858 
CDP1859 


CDP1858C 
CDP1859C 


(V) 


(V) 


(V) 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 

Current, Idd 


— 


0,5 


5 


— 


0.1 


10 


— 


5 


50 


A/A 


- 


0,10 


10 


- 


1 


100 


— 


— 


— 


Output Low Drive 

(Sink) Current, lot 


0.4 


0,5 


5 


1.6 


3.2 


— 


1.6 


3.2 


— 


mA 


0.5 


0,10 


10 


2.6 


5.2 


- 


- 


— 


— 


Output High Drive 

(Source Current), Ioh 


4.6 


0,5 


5 


-1.15 


-2.3 


— 


-1.15 


-2.3 


— 


mA 


9.5 


0,10 


10 


-2.6 


-5.2 




— 


— 


— 


Output Voltage* 

Low-Level Vol 


— 


0,5 


5 


— 





0.1 


— 





0.1 


V 


— 


0,10 


10 


— 





0.1 


— 


— 


— 


Output Voltage* 

High-Level Von 


__ 


0,5 


5 


4.9 


5 


— 


4.9 


5 


— 


— 


0,10 


10 


9.9 


10 


— 


— 


— 


— 


Input Low 

Voltage, V,l 


0.5,4.5 


— 


5 


— 


— 


1.5 


— 


— 


1.5 


V 


0.5,9.5 


— 


10 


— 


— 


3 


— 


— 


— 


Input High 

Voltage, V,h 


0.5.4.5 


— 


5 


3.5 


— 


— 


3.5 


— 


— 


0.5,9.5 


— 


10 


7 


— 


— 


— 


— 


— 


Input Leakage 

Current, Iin 


Any 
Input 


0,5 


5 


— 


10-' 


±1 


— 


10-' 


±1 


M 


0,10 


10 


— 


10-' 


±2 


— 


— 


— 


Operating Current, 

IddiH 


_ 


0,5 


5 


— 


50 


100 


— 


50 


100 


fJ^ 


— 


0,10 


10 


— 


150 


300 


— 


— 


— 


Input Capacitance, 

CiN 


- 


— 


- 


- 


5 


7.5 


- 


5 


7.5 


pF 


Output Capacitance, 

CoUT 


- 


- 


- 


- 


10 


15 


- 


- 


- 


pF 



*Typical values are for Ta = 

• loL = Ioh = 1 /wA. 

■ Measured in a CDP1802 



= 25° and nominal voltage. 

or GDP1804 system at 3.2 MHz with open outputs. 
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CDP1858, CDP1858C, CDP1859, CDP1859C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ± 5%, tr, t, = 20 ns, 
V,H = 0.7 Vdd. V,l = 0.3 Vdd, Cl = 100 pF, See Fig. 3. 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1858 


CDP1858C 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Minimum Setup Time, IVIemory 
Address to Clock, tMACL 


5 
10 


- 


25 
10 


40 
25 


- 


25 


40 


ns 


Minimum Hold Time, Memory 
Address After Clock, tcLMA 


5 
10 


— 






25 
10 


— 





25 


ns 


Minimum Clock Pulse 
Width, tcLCL 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


ns 


Propagation Delay Times: 
Clock to Outputs, tcLo 


5 
10 


- 


150 
75 


225 
125 


- 


150 


225 


ns 


Memory Address 

to Outputs, tMAO 


5 
10 


— 


150 
75 


225 
125 


— 


150 


225 


ENABLE to 
Outputs, tEo 


5 
10 


— 


125 
65 


200 
100 


— 


125 


200 



Typical values are for Ta = 25° and nominal voltages. 

Maximum limits of minimum characteristics are the values above which all devices function. 
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Fig. 3 — CDP1858 timing diagram. 



92CM-3I956 



253 



RCA CMOS LSI Products 



CDP1858, CDP1858C, CDP1859, CDP1859C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdo ± 5%, t„ t, = 20 ns, 
V|H = 0.7 Vdo, Vil = 0.3 Vdd, Cl = 100 pF, See Fig. 4. 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1859 


CDP1859C 


Min. 


Typ. 


Max. 


MIn. 


Typ. 


Max. 


Minimum Setup Time, Memory 
Address to Clock, tMAct 


6 
10 


I 


25 
10 


40 
25 


— 


25 


40 


ns 


Minimum Hold Time, Memory 
Address After Clock, Iclma 


5 
10 








25 
10 


__ 





25 


ns 


Minimum Clock Pulse 
Width, tcLCL 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


ns 


Propagation Delay Times: 
Clock to Address, tciA 


5 
10 


- 


125 
65 


200 
100 


- 


125 


200 


ns 


Clock to 

CHIP ENABLE, tctcE 


5 
10 


— 


175 
90 


275 
140 


— 


175 


275 


Memory Address to 
Address, tMAA 


5 

10 


— 


100 
50 


150 
75 


I 


100 


150 


Memory Address to 
CHIP ENABLE, twAce 


5 
10 


— 


150 
75 


225 
125 


— 


150 


225 


ENABLE to 

CHIP ENABLE, tece 


5 
10 


— 


125 
65 


200 
100 


— 


125 


200 



Typical values are for Ta = 25° C and nominal voltages. 

Maximum limits of minimum characteristics are the values above which all devices function. 
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Fig. 4 — CDP1859 timing diagram. 
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CDP1858 DECODE TRUTH TABLE 





DATA INPUTS 


cso 


CS1 


CS2 


CS3 


CEO 


CE1 


CE2 


CE3 


ENABLE 


MAI 


MAO 











1 











NOT AFFECTED 
BYMA1, MAO 








1 





1 











1 











1 








1 


1 











1 




MA3 


MA2 


i 











NOT AFFECTED 
BY MA3, MA2 





1 


1 


1 








1 


1 





1 


1 





1 





1 


1 





1 





1 


1 


1 


1 


1 





1 


X 


X 














1 


1 


1 


1 



X = MA3, MA2, MA1, MAO DON'T CARE 



CDP1859 DECODE TRUTH TABLE 



I 





DATA INPUTS 


A8 


A9 


M 


A9 


CEO 


CE1 


CE2 


CE3 


ENABLE 


MAO 


MA1 

















1 


1 


NOT AFFECTED 
BYMA1, MAO 








1 





1 


1 








1 





1 








1 





1 


1 


1 


1 










MAS 


MA2 




_____ _ _ _ ___ ____ ______ ___ __ ____ _l 











NOT AFFECTED 
BY MA3, MA2 





1 


1 


1 








1 


1 





1 


1 





1 





1 


1 





1 





1 


1 


1 


1 


1 





1 


X 


X 


NOT AFFECTED BY 
ENABLE 


1 


1 


1 


1 



X = MA3, MA2, MA1, MAO DON'T CARE 
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Fig. 5 — 4K byte RAM system using the CDP1858 and CDP1822. 
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Fig. 6 — 4K byte RAM system using the CDP1859, CDP1856, and CDP1821. 
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DIMENSIONS AND PAD LAY OUT FOR CDP 1858 



Dimensions in parentfieses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 

The photographs arrd dimensions of each CI^OS 



chip represent a chip when It is part of the wafer. 
When the wafer is cut Into chips, the cleavage 
angles are Sf instead of 9(f with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 



I 



10 20 30 40 50 60 70 80 90 94 
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DIMENSIONS AND PAD LAYOUT FOR CDP1859 



Dimensions in parentheses are In millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are In mils f10~3 inch). 

The photographs and dimensions of each CMOS 



chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 9(f with respect to the 
face of the chip. Therefore, the Isolated chip is 
actually 7 mils (0. 17mm) larger in both dimensions. 
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Preliminary Data 

Video Display Controller 



Features: 

■ Supports bit-mapped video display 

for graphic flexibiiity 

■ Generates composite horizontal and 

vertical sync 
m Programmable vertical resolution for 
matrix display of up to 64 x 126 
segments 



Real-time interrupt generator 

Clear input 

External display control 



The RCA-CDP1861 C is a video display controller designed 
for use in CDP1800-series microprocessor systems. 

The CDP1861C utilizes many of the features of the 
CDP1800-series microprocessor to simplify control and 
minimize the need for external components. The DMA 
feature of the CDP1 800-series microprocessor may be used 
for direct data transfers from memory to the CDP1861C. 
The INTERRUPT input and the t/O command lines may be 
used to perform the necessary handshaking between the 
CDP1800-seriesmlcroprocessor§ndtheCDP1861C. Timing 
may be simplified by operating the microprocessor at a 
clock frequency of 1.76064-MHz (the standard color 
frequency of 3.58 MHz, divided by 2, may also be used in 
some applications). The clock and the CDP1 800-series 
microprocessor timing signals (TPA and TPB) may then be 
used to s'et the interface timing (as shown in the system 
diagram). In general, the clock frequency equals the number 
of fields per second (60), times the number of lines per field 
(262), times the number of machine cycles per line (14), 
times the number of bits per byte (8). In DMA operation, 
each machine cycle is a memory access. 

Flexibility In vertical resolution may be obtained by 
synchronizing the CDP1861C with the CDP1 800-series 
microprocessor and employing direct program control over 
the DMA process in real time. The actual video display takes 
place during a "window" of 4.6 milliseconds out of each 
16.7-millisecond TV field. Throughout each such display 
window, a CDP1 800-series microprocessor interrupt 
program may be used to manipulate the DMA pointer, re- 
issuing a given line of the display several times to save 
memory storage at the expense of reduced vertical 
resolution. 

The CDP1 861 C generates composite vertical and horizontal 
sync plus luminance signals which can be combined 
externally to create an NTSC compatible composite video 
signal. This composi te vertical and horizontal sync output 
signal (COMP SYNC) is generated from the sync reference 
(TPA) and TBP inputs. Vertical sync is derived from 



horizontal sync by dividing the horizontal sync frequency 
by 262. The composite sync signal generates timing for a 
non-lnterlace video display of 262 lines per field. 

The CDP1861C generates an interrupt request (INT) once 
per field, 62 lines after the trailing edge of vertical sync and 
two line before the raster has reached a "display window" 
(see Fig. 5). This request alerts the CDP1 800-series 
microprocessor (or other control system) to prepare for 
DMA (direct memory access) activity. The CDP1861CDISP 
STATUS (EFX) output goes low during the 4 lines before 
the display window, and again during the last 4 lines of the 
window. This signal may be used to give early warning of 
the display window and to release the control system from 
monitoring the DMA activity. 

Beginning in the third machine cycle of each line of the 
display win dow, an d lasting for 8 cycles, the CDP1861C 
asserts the DMAO output to request a sequency of eight 
8-bit bytes, which are then used to generate the VIDEO 
signal. Then, when control signals SCI and SCO are low 
and high respectively, each assertion of the TPB input 
causes the CDP1861C to read a byte from the BUS lines, 
and immediately to shift it out on the VIDEO output, high- 
order bit first. A DMA pointer defines an area of memory 
which Is accessed by the CDP1861C to provide a bit- 
mapped display. 

The display on (DISP ON) and display off (DISP OFF) 
inputs set and reset an internal con trol fli p-flo p in the 
CDP1861C. When this flip-flop is set, TJTO^ andTRT are 
enabled; when reset, they are disabled. 

The reset input (RESET) is a Sch mitt trigger Input that 
resets the CDP1861C. The CLEAR output is a conditioned 
output pulse which can be used to reset the external 
system. 

The CDP1861C is supplied in 24-lead hermetic dual-In-line 
ceramic packages (D suffix), in 24-lead dual-in-line plastic 
packages (E suffix). 
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MAXIMUM RATINGS, Absoiute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) -0.5 to +7 V 

(Voltage referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

ForTA * -40 to +60«C (PACKAGE TYPE E) 500 mW 

ForTA = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100*C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125»C (PACKAGE TYPE D) Derate Linearly at 12 mW/^'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125^0 

PACKAGE TYPE E -40 to +85**C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

STATIC ELECTRICAL CHARACTERISTICS, at Ta = -40 to +85<*C, Except as Noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vq 
(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1861CD 
CDP1861CE 


MIN. 


TYP.* 


MAX. 


Quiescent Device Current IpD 


~ 


0,5 


5 


~ 


60 


250 


A/A 


Input Leakage Current, llN 


Any 
Input 


0,5 


5 


- 


±0.1 


±1 


A/A 


Input Low Voltage V|l 


0.5, 4.5 


— 


5 


— 


— 


1.5 


V 


Input High Voltage V|h 


0.5. 4.5 


— 


5 


3.5 


— 


— 


Output Voltage Low-Level Vql 


— 


0,5 


5 


— 





0.05 


V 


Output Voltage HIgh-Level Vqh 


— 


0.5 


5 


4.95 


5 


— 


(Except DMAO, INT) 


Output Low Drive (Sink) Current Iql 
INT, DMAO: 
CLEAR. EF: 
VIDEO. COMP SYNC: 


0.4 


0.5 


5 


0.2 


0.5 


— 


mA 


0.4 


0.5 


5 


0.4 


0.8 


— 


0.4 


0.5 


5 


0.8 


1.6 


— 


Output High Drive (Source) Current Iqh 
CLEAR EF: 
VIDEO, COMP SYNC: 


4.6 


0.5 


5 


-0.4 


-0.8 





mA 


4.6 


0.5 


5 


-0.5 


-1 


— 


RESET (Schmitt Trig.) 
Pos. Trig. Threshold Vp 
Neg. Trig. Threshold Vn 
Hysteresis Voltage Vh 


^ 


_ 


5 





2.5 





V 


— 


— 


5 


— 


1.7 


— 


— 


— 


5 


— 


0.8 


— 



I 



* Typical values are for Ta = 25** C. 

RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vdd 


CDP1861C 


MIN. 


MAX. 


DC Operating Voltage Range 




4 


6.5 


V 


Input Voltage Range 


— 


Vss 


VDD 


Maximum Input Rise or Fall Time tr, tf 


5 




5 


A/S 


Maximum Clock Input Frequency fCL 


5 


DC 


2.5 


MHz 
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Fig. 1 - CDP1861C block diagram. 
FUNCTIONAL DESCRIPTION OF CDP1861C TERMINALS 



CLK: 

The active low input for an externally generated single- 
phase clock which determines the clock rate for the 8-blt 
data shift regis ter. Data are shifted on the hIgh-to-low 
transition of the CLK input signal, most significant bit first. 
A low level (Vss) is shifted into the least significant bit. 

The CLK signal may be derived directly fro m the CDP1800- 
series microprocess or by c onnecting the CLK terminal of 
the CDP1861 C to the XT A L terminal of the CDP1 800-series 
microprocessor. 

DMAO: 

An active low output (Vss) ^^^^ requests an 8-blt data 
transfer. The output signal is from the "open drain" of an 
n-channel transistor and requires an external pull-up 
resistor to Vqq. Depending on the status of the SCO and 
SC1 Input signals at horizontal sync time, DMA requests 
are initiated on the leading edge of the second TPA input 
signal following the horizontal sync output. This feature is 
necessary in order to reference the data requests to the 
program's ability to respond to them, insuring that data will 
always be initiated at the sa me poin t on the display. The 
system should respond to a DMAO by setting SCO high 
(Vdd)' ^^^ SC1 low (Vss). permitting data transfer. Data 
will be loaded on the subsequent 8 TPB input signals. 



DMAO will be terminated on the ninth sync pulse, at which 
time SCO should be set low (Vss) P^'^or to the n ext TPB 
command. Timing is illustrated In Figs . 3 and 5. T he DMAO 
output signal may be connected to the DMA OUT Terminal 
oftheCDP1800-seriesmicroprocessor, which responds as 
discussed above. 

TnT: 

An active low (Vss) output signal two horizontal cycles 
prior to the display, as shown in Figs. 3 and 5. This signal is 
the output of the "open drain" of an n-channel transistor 
and requires an external pull-up resistor to Vnn. The INT 
output signal is normally connected to the INTERRUPT 
input terminal of the CDP1800-serles microprocessor. In a 
CDP1 800-series microprocessor based system , 29 mach ine 
cycles occur from initiation of anTRT until the DMAO. 



TPA: 

An active high timing pulse occuring once for every 8 clock 
pulses. The TPA signal Is used as the clock for the 
horizontal line counter. It is normally tied to the TPA 
teminal of the CDP1 800-series microprocessor. The TPA 
signal precedes the TPB signal. 

TPB: 

An active high timing pulse occurring once for every 8 
clock pulses. The TPB signal is used as a strobe for gating 
the output of the counter and for loading data Into the data 
register. It is normally connected to the TPB terminal of the 
CDP1 800-series microprocessor. 



COMP SYNC: 

An active low output signal resulting from the exclusive 
"OR" o f the o utput of the horizontal and vertical counters. 
COMP SYNC can be combined with the VIDEO output to 
form a composite video signal. 

The COMP SYNC output frequency and pulse duration are 
determined by the TPA and TPB input signals. A horizontal 
sync pulse is initiated by the trailing edge of the TPB Input 
signal following the 13th or 14th TPA input, as determined 
by the status of the SCO and SCI input signals, and is 
terminated on the leading edge of the subsequent second 
count of the TPA input. 

Vertical timing Is generated coincident with the 262nd 
horizontal timing pulse and is present for six horizontal 
clock cycles. Idealized timing Is Illustrated in Figs. 2 and 4. 



VIDEO: 

An active high output from the most significant bit of the 
8-bit P/S data register. It is used to determine the lum inance 
level a nd may be combined externally with the COMP 
SYNC output signal to form a composite video signal. 

RESET: 

An active low Input signal which initializes the counters, 
inhibits the display, and places all control outputs in the 
high (Vdd) state. Refer to Fig. 3. 



260 



1800-Series Peripherals 



CDP1861C 



FUNCTIONAL DESCRIPTION OF CDP1861C TERMINALS (Cont'd) 



RESET (Cont'd) 



The RESET terminal is a Schmitt-trlgger-type input which 
permits the use pf an external RC network to provide a 
power-on reset. 

EF5(: 

An active low output signal which occurs for a period of 
four horizontal cycles prior to the beginning and end of the 
128-line display window, as illustrated in Figs. 2 and 4. The 
signal can be used by the program software routines to 
indicate the boundaries of the display area. It is nor mally 
connected to a CDPIBOO-serles microprocessor EF1-EF4 
FLAG input terminal. 

DISP ON, DISP OFF: 

Active high input signals that control the display. When 
enabled by pulsing DISP ON high (Vdd)' ^^^^ transfers, 
DMA, and interrupt requests are permitted. These 
operations are inhibited by the low-to-high transitio n of the 
DISP OFF input signal if DISP ON is low (VsS) . The RESET 
signal also inhibits the display. When inhibited, the internal 
counters remain operational. Sync and display status 
signals are generated. Video output becomes low when the 
register is emptied. Table I indicates the enable/disable 
conditions. 

The DISP ON and DISP OFF signals may be provided by the 
I/O commands (N bits) of the CDP1800-series 
microprocessor. 

TABLE I 





SIGNAL 1 


STATE 


RESET 


DISP ON 


DISP OFF 


RESET 


L 


L 


X 


INVALID 


L 


H 


X 


DISPLAY 
ENABLE 


H 


-TL- 


X 


DISPLAY 
DISABLE 


H 


L 


__r 



D10 — D17: 

Input signals to the data register. Data are loaded during 
the high-to-low transition of the CLK only when TPB, DISP 
ON, and SCO are high (Vpo). SCI is low (Vss). and the 
CDP1861C is enabled. 

The data input signals are normally connected to the 8-blt 
microprocessor data bus. 

SCO, SCI: 

Input 'signals used to synchronize the operation of the 
CDP1 861 will Its controller. They should be initiated prior 
to the TPA input and terminate after the TPB input pulse. 

These control signals are sampled at two different times: 1) 
During the horizontal sync output when the TPA input is 
present, the CDP1861C expects to see SCI = 1 (Vdd) anci 
SCO = (Vss)- Any other combination will result in the 
skipping of one of the normal 14 cycles per line. This 
feature allows the CDP1 800-series microprocessor to force 
initial instruction fetch/execute sync with the CDP1861C, 
and assures sync in case it is later los t for an y reason. 2) In 
the 8 cycles following the CDP1861C DMAO assertion, the 
CDP1 861 C expects to see SCI = and SCO = 1. Any other 
combination will prevent the CDP1 861 C from loading data 
from the bus. 

These signals may be connected to the STATE CODE 
(SCO, SCI ) outputs of the CDP1 800-series microprocessor. 

CLEAR: 

The output of the Schmitt trigger (reset input circuitry) 
provides high speed transitions that may be used to reset 
other devices. It may be connected to the CLEAR terminal 
of the CDP1 800-series microprocessor. 

Vdd, Vss: 

Vdd is the positive supply voltage terminal, Vss 's the 
negative supply voltage terminal and is normally connected 
to ground. 



I 



TPA JULAJLnJLAJLJLJfLAJLAJLnJUUULnJ^^ 
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F/g. 2 - Horizontal sync timing diagram. 



261 



RCA CMOS LSI Products 



CDP1861C 



Vdd 








•n" 






. ^^^ . 








Vh=Vp-Vn 


vss 






/DD 


. *! ' 1 



RESET 



Vp 



92CS-29468RI 



Fig. 3 - Reset transfer characteristics. 
APPLICATION INFORMATION (CDP1861C DIRECTLY CONTROLLED BY THE CDP1800-SERIES MICROPROCESSOR) 



Figure 6 shows a simple grapliic display system using the 
CDP1800-series microprocessor and the CDP1861C. The 
CDP1861C uses both the INTERRUPT and direct memory 
access (DMA) output channel of the microprocessor for 
display refresh. The microprocessor specifies the area of 
memory displayed via the interrupt routines, and the DMA 
output channel is the mechanism which transfers the data 
from memory to the CDP1 8610 via the 8-bit data bus. The 
data are then shifted out one bit at a time at the clock 
frequency to generate the video (VIDEO) signal. 



The composite sync (OOMP SYNO) signal creates a 262- 
line-per-field, 60-fleld-per-second non-interlace video 
picture. The non-interlaced picture frame for this display 
consists of two even fields of 262 horizontal lines each. This 
format differs slightly from the National Television Standard 
(NTSO) which has a 525-line interlaced picture frame of one 
odd field and one even fie ld. The vertical sync pulse 
generated at OOMP SYNO of the ODP18610 has no 
equalizing pulses but is serrated to maintain horizontal 
synchroniz ation during the vertical blanking time. The 
VIDEO and OOMP SYNO pulses are resistively coupled to 
create the composite video, which can be supplied directly 
to a video monitor, a modified TV receiver, or a FOO 
approved rf modulator. 

A clock source of 3.58 MHz, the NTSO color frequency, if 
divided by 2, may be used for some applications in place of 
the 1.76-MHz crystal shown in Fig. 5. Deviations from the 
NTSO frequencies are as follows: 

The user should determine which choice of frequencies 
provides an optimal cost/performance trade-off for his 
application. Generally, video ORT's are more sensitive to 
line frequency accuracy than to field frequency accuracy. 

The display is a bit map of memory. Each bit in the display 
memory corresponds to one spot on the video screen. 
Logical 1 (Vqd) bits in memory correspond to white or 
lighted spots in the display. The highest resolution that may 
be produced is 1 28 vertical by 64-horizontal segments. This 
resolution requires 1024 bytes of memory for the display. 
The upper left-most spot that can be displayed on the video 
screen is the most significant bit of the first byte in the 
display refresh memory buffer. The starting location of the 
display buffer is initialized in the INTERRUPT routine and 
may be anywhere in addressable memory (ROM, RAM, or 
both). The lower right-most spot that can be displayed is the 
least significant bit of the last byte of the display bit map. 
For each of the 128 horizontal display lines, 8 bytes of 
memory are sequentially accessed and displayed from left 
to right on the video screen. Adjacent illuminated spots 



appear contiguous both in the horizontal and in the vertical 
directions. All display manipulations are accomplished by 
changing the data within the display buffer or by changing 
display buffers. 

To control the 0DP1 861 as shown in Fig. 5, the 0DP1 800- 
series microprocessor must be in synchronization with the 
0DP1 861 during the display window. Exactly six machine 
cycles must be executed beyond the eight DMA cycles 
during each line, and an even number of cycles (262 x 14) 
must be executed from the start of one display window to 
the start of the next. These requirements insure that the 
DMA burst will not be delayed one cycle waiting for an 
instruction to finish — this delay would cause jitter on the 
screen. These requirements can be accomplished in two 
steps: 1) the main program must not execute any 3-cycle 
instructions (I.e., SKIP, LONG BRANCHES, and NOP), and 
2) the interrupt routine, including the interrupt cycle Itself, 
must employ an even number of cycles, and must be 
synchronized with the DMA bursts. There must be 29 cycles 
between the INTERRUPT cycle (S3) and the first burst of 
eight DMA cycles. This timing is accomplished by executing 
an early 3-cycle instruction to compensate for the 
INTERRUPT cycle. Furthermore, exactly three 2-cycle 
instructions must be executed between each sucessive 
burst. Occasionally these restrictions may be ignored at the 
expense of jitter on the screen. 

For the 1 28 x 64 display, the 0DP1 800-series microprocessor 
software req uirement is straightf orw ard. The DISP 
STATUS/EF1 line Is not required, and EF1 may be used for 
other purposes. A simple interrupt routine merely resets the 
DMA pointer, RO, to the beginning of the display buffer area 
(see Fig. 8) — note the 3-cycle NOP instruction at the 
beginning which compensates for the 1-cycle Interrupt. 
The first burst of eight DMA cycles occurs just as this 
routine finishes, as indicated by the bracket following the 
RETURN instruction (70). Exactly 29 cycles separate the 
interrupt request cycle and the first DMA burst. The 
interrupt routine must last at least 28 cycles, because the 
interrupt request line is held up that long by the 0DP1 861 0. 

When less RAM is to be used (less resolution), a more 
complicated interrupt routine Is used. The interrupt routine 
is protracted for the full duration of the display window, and 
the six free cycles in each line are used to execute three 
instructions, which maintain control over the DMA pointer, 
R0.1 . In the simplest cases, each line of 8 bytes is repeated 
n times to give 128/n vertical resolution. With n = 4, for 
example, 64 x 32 resolution is obtained. Such an Interrupt 
routine is shown In Fig. 7. The use of three instructions per 
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APPLICATION INFORMATION (CDP1861C DIRECTLY CONTROLLED BY THE CDP1800-SERIES MICROPROCESSOR) 
(Cont'd) 



line does not leave time to control a loop, so each of four 
copies of the line co rresp onds to three instruction s in t he 
main loop, starting at EFX. The EFX signal, applied to EF1 , is 
used to signal the last pass through the loop. 

For other values of n, similar routines can be devised. For n 
= 2, the 64 X 64 fornriat, the last 4 lines need special treatment 
(see Fig. 6). Other schemes are possible, resulting In other 
resolutions which vary on command from the main program, 



or even resol utions which vary through the display window. 

In general, additional functions may be implemented In the 
routine before returning to the main program. For example, 
a real-time clock can be maintained by incrementing a 
counter once on each interrupt, i.e., once per 1/60 second. 
Another example is vertical "scrolling" of the display, 
wherein the starting address in a display file is incremented 
or reincremented at regular intervals. 




SCiaTPB BYTES 

92CM-29469RI 



Fig. 4 - Spatial diagram of one video display field (not to scale). 



NTSC CLOCK FREQUENCIES (MHz) 


Line Freq. 
Field Freq. 


15750 
60 


1.76064 


1.764000 


3.579545/2 


15720 
60 


15750 
60.11 


15980 
60.99 
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Fig. 5 - Typical CDP1802/CDP1861C video display system. 



Mschino Cocte 




Language 


DomniGntB 


72 


INTRET 


: LDXA 


. RESTORE D 


70 




RET 


. RETURN 


C4 


INT 


: NOP 


. 3 CYC. INSTR. FOR PGM. SY 


22 




DEC R2 


. R2 IS STACK PTR 


78 




SAV 


. T-STACK 


22 




DEC R2 




52 




STR R2 


. D-STACK 


F8-B0 




A.1 (DISMEM)-*R0.1 


. DISMEM IS START ADDR 


F8-A0 




AO (DISMEM)-RO.O 


. OF DISPLAY MEMORY 


C4, C4 




NOP; NOP 


. NOPS FOR PGM SYNC 


E2 




SEX2 




80] 


DISP 


: GLO RO 


. NEW LINE 


E2 




SEX2 


. NOP 


20 




DEC RO 


. RESTORES R0.1 IF PASS PG 


AO] 




PLC RO 


. REPEATS SAME LINE 


E2 




S6(2 


. NOP 


3C— 




BN1 DISP 


. LOOP 60 TIMES 


80] 


DISEF 


: GLO RO 


. LAST 4 VIDEO LINES 


E2 




SEX2 


. NOP 


20 AO] 




DEC RO; PLO RO 




E2 




SEX2 


. NOP 


34— 




B1 DISEF 




30- 




BR INTRET 


. END OF DISPLAY 



Fig. 6 - Interrupt routine for 64 x 64 format (2 pgs mem). 
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Assembly 




Machine Code 




Language 


Cotnmenti 


72 


INTRET 


: LDXA 


. . RESTORE D 


70 




RET 


. . RETURN 


C4 


INT 


: NOP 


. . 3 CYC. INSIHU. USED 
. . FOR PGM. SYNC 


22 




DEC R2 


. . R2 IS STACK PTR 


78 




SAV 


. . T-STACK 


22 




DEC R2 




52 




SIR R2 


. . D-STACK 


F&-BO 




A.1 (DISMEM)-RO.I 


. . LOAD RO WITH 


F&-AO 




A.0 (DISMEM)-R0.0 


. . START ADDR. OF DISP. K 


C4, C4 




NOP; NOP 


. . NOPS USED FOR SYNC 


E2 


DISP 


: SEX2 




80] 




GLO RO 


. . LINE START ADDR.-D 


E2 




SEX2 


. . NOP 


20 




DEC RO 


. . RESET R0.1 IF PASS PG 


AO] 




PLO RO 


. . LINE START ADDR.-RO.O 


E2 




SEX2 


. . NOP 


20 




DEC RO 


. . RESET R0.1 IF PASS PG 


AO] 




PLO RO 


. . LINE START ADDR.--RO.0 


E2 




SEX2 


. . NOP 


20 




DEC RO 


. . RESET R0.1 IF PASS PG 


AO] 




PLO RO 


. . REPEATS SAME LINE 


3C- 




BN1 DISP 


. . LOOPS 32 TIMES 


30- 




BR INTRET 


. . END OF DIPLAY 



MEM 



Fig. 7 - Interrupt routine for 64 x 32 format (1 pg mem). 



I 







Assembly 






Machine Code 




Language 




Comments 


72 


INTRET 


: LDXA 




. . RESTORE D 


70] 




RET 




. . RETURN 


04 


INT 


: NOP 




. . ENTRY POINT 


22 




DEC R2 




. . R2 = STACK PTR 


78 




SAV 




. . T-STACK 


22 




DEC R2 






52 




STR R2 




. . D-STACK 


E2, E2 




SEX R2: SEX R2 


. . NOP 


F8-B0 




A.1 (DISMEM)- 


*R0.1 


. . LOAD RO WITH 


F&-AO 




A.0 (DISMEM)- 


*RO.O 


. . START ADDR OF DISP. MEM. 


30- 




BR INTRET 




. . BRANCH TO INTERRUPT RETURN 



Fig. 8 - Interrupt routine for 64 x 128 (4 pgs mem). 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 



not cause Vqd — VSS to exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the input protection circuit, Input 
signals should never be greater than Vpo nor less than 
Vss- 'nput currents must not exceed 10 mA even when 
the power supply Is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vdd or Vss. whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to VpD or Vss ^^^V damage CMOS 
devices by exceeding the maximum device dissipation. 
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RD- 


1 


24 


rVoD 


RESET- 


2 


23 


-R LUM 


im- 




22 


-6 LUM 


B CHR- 




21 


I-6D 


B LUM- 




20 


-BK6 LUM 


BK6- 




19 


-G CHR 


5lk- 




18 


-R CHR 


TPB- 




17 


-BK6CHR 


CLK OUT - 


10 


16 
15 


-BD 
•BURST 


C6Mt»syNt- 


LUMIN- 


il 


14 


-XTAL 


vss- 


12 


13 


•XTAL 




TOP 


VIEW 
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TERMINAL ASSIGNMENT 



Preliminary Data 

CMOS Color Generator 
Controller 

Features: 

■ Interfaces directly with CDP1861C Video Display 
Controller 

m Programmable background color 

■ Programmable video (dot) color 

■ On-chip crystal controlled oscillator 
m NTSC and RGB compatible 



The RCA-CDP1862C is a color generator 
controller designed for use in CDP1800- 
series microprocessor systems. It is in- 
tended for use with the RCA-CDP1861C 
video display controller and will interface 
directly with the CDP1802/CDP1861C as 
shown in the system diagram below. 

The CDP1862C utilizes many features of 
the CDP1802 and CDP1861C to simplify 
control and minimize the need for external 
components. The CDP1862C is NTSC 
color compatible. Red, green and blue 
luminance signals are also available for 
directly controlling the red, green and 



blue amplifiers of a video monitor. A 
7.15909-MHz on-chip crystal-controlled 
oscillator or an external 7.15909-MHz 
clock is used to generate multiple phases 
of the 3.579545-MHz co^or burst fre- 
quency for NTSC-compatible color. The 
color burst is further divided by 2 to pro- 
vide system timing for the CDP1802 and 
the CDP1861C. This frequency [1 .789773 
MHz] is a vailable at CLK OUT. Two inputs 
TPB and COMP SYNC, are used t omain- 
tain system synchronization. The RESET 
input resets the CDP1862C and sets the 
background color to blue and the dot 
color to white. 




RESISTANCE VALUES ARE IN OHMS; 
CAPACITANCE VALUES ARE IN pF. 



92CM-3I666RI 



Fig. 1 -Typical CDP1802 microprocessor system using the CDP1862C. 
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Background color: Four background colors 
are available. The colors are changed each 
time TPB is pulsed when BKG = high. The 
sequence is from blue to black to green to 
red and return to blue [see Fig. 2]. 



c 



BLUE — ► BLACK » GREEN ► RED 



D 



92CS-31667 

Fig. 2-Background Color Sequencing. 

Dot color: Color data [RD, BD, GD] is 
latched int erna lly on the high-to-low 
transition of CLK when TPB = high. Eight 
colors are available as shown in Table I.The 
color is overlayed onto the LUM IN data 
[video output from CDP1 861 0] . Each color 





TABLE I 


- Color Table 


RD 


BD 


GD 


COLOR 











Black 








1 


Green 





1 





Blue 





1 


1 


Cyan 


1 








Red 


1 





1 


Yellow 


1 


1 





Purple 


1 


1 


1 


White 



corresponds to eight horizontal bits of 
video information. Only the selected 
background color appears at the output if 
LUM IN = low. When used with the 
CDP1861C and set for the maximum 



resolution of 64 x 128, 1024 color blocks [ 8 
X 128] are possible, and would require a 1 K 
X 3 random-access memory storage area. 
This area would appear to be write-only 
memory to the microprocessor because, in 
the programmed state, this area occupies 
an unique, unused IK block of memory 
space. However, when it is read, this area 
responds to the same address space 
occupied by the CDP186rC refresh RAM. 
This is accomplished with proper decoding 
and requires the memory to have separate 
I/O l ines. 

The CON input enabl es the R D, BD and GD 
input latches. After a RESET condition, the 
dot color is set to white a nd an y color 
change is inhibited until the CON input is 
pulsed low, which normally occurs when 
data is written into the color map. The CON 
input provides a means of inhibiting 
erroneous color data until the color map is 
properly loaded. 

The color luminance [R LUM, B LUM, G 
LUM], color chrominance [R CHR, B CHR, 
G, CHR], background luminance [BKG 
LUM], background chrominance [BKG 
CHR], color burst [BURST], and COMP 
SYNC are combined by an external RC 
network to generate the composite video 
[see Fig. 1]. 

The BURST signal is normally high and 
oscillates at Vz the XTAL f requency from the 
low-to-high transition of COMP SYNC until 
TPB = high. 

The CDP1862C types are supplied in 24- 
lead hermetic dual-in-line side-brazed 
ceramic packages [D suffix], and in 24-lead 
dual-in-line plastic packages [E suffix]. 



CDP1862C 



RECOMMENDED OPERATING CONDITIONS at T^ = 250C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 



CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


Min. 


Max. 


Supply- Voltage Range (For T^ = Full Package- 
Temperature Range) 


- 


4 


6.5 


V 


Input Voltage Range 


- 


vss 


Vdd 


Input Signal Rise or Fall Time, tp tf 


5 


- 


5 


/is 


Clock Input Frequency, fQL 


5 


7.15909 


MHz 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 
(Voltages referenced to Vss Terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACK AGE TYPED) 500 mW 

For Ta = +1 00 to +1 25°C (PACKAGE TYPE D) Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACK AGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED . -55to+1250C 

PACKAGE TYPE E -40 to +85^C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1 /1 6 ± 1 /32 Inch (1 .59 ± 0.79 mm) from case for 1 s max +265°C 



STATIC ELECTRICAL CHARACTERISTICS at 


T^ = -40 to +85°C, except as noted. 


CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


(VI 


Vdd 

(V) 


CDP1862CD 
CDP1862CE 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, II 


- 


0,5 


5 


- 


50 


250 


/iA 


Output Low Drive (Sink) 
Current, \q\_ 

(Except XTAL) 


0.4 


0,5 


5 


2 


2.4 


- 


mA 




0.4 


0,5 


5 


150 


200 


- 


ma 


XTAL Output, Iql 


Output High Drive (Source) 
Current, Iqh 
(Except XTAL 


4.6 


0,5 


5 


-1.6 


-1.8 


- 


mA 


XTAL Output, Iqh 


4.6 


0,5 


5 


-150 


-200 


- 


ma 


Output Voltage 
Low- Level, Vql 


- 


0,5 


5 


- 





0.1 


V 


Output Voltage 
High Level, Vqh 


- 


0,5 


5 


4.9 


5 


- 


Input Low Voltage, V||_ 


0.5, 4.5 


- 


5 


- 


- 


1.5 


Input High Voltage, V|h 


0.5, 4.5 


- 


5 


3.5 


- 


- 


Input Leakage 
Current, Ijjvj 


Any 
Input 


0,5 


5 




±0.1 


±1 


MA 



' Typical values are for T^ = 25*0 and nominal voltage. 
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RESET 0- 
BKG0-. 

LUM IN (J7)- 
XTAL@- 
XTAl@- 



S5n 

1 



RD BO 6D 

Q Ci) ® 



CLK 

1 



uH 



OSCILLATOR AND COLOR 
LOGIC 



<8)TPB 



CONTROL 
LOGIC 



-(J0)C0MP SYNC 



@ ® @ ®-® ® d) ® ® (9) @ 



([2)VSS 



CDP1862C 



92CM-3I664RI 



Fig. 3-Functional block diagram. 



SIGNAL DESCRIPTIONS 



RESET 

A low level on this input initializes the 
internal counters, sets the background 
color to blue, and sets the dot color to 
white. 

BKG 

A high level on this input enables the 
background color to be changed when 
TPB is pulsed high. This signal is normally 
connected to an I/O line of the 1800- 
Series microprocessor. 

CLK 

An Input signal used to latch the color data 
Information. Color data [RD, BD, GD] is 
latc hed on the high-to-low transition of 
CLK when TPB = high. This signal is 
normally connected to CLK OUT through 
an inverter. 
TPB 

A high level on this Input enables color 
data latching and sequences background 
color when BKG = high. This signal is nor- 
mally connected to the TPB terminal of 
the 1800-Series microprocessor. 

CLK OUT 

An output signal, equal to the XTAL fre- 
quency divided by four, that provides the 
overall system synchronization. This sig- 
nal Is normally connected to the CLOCK 
terminal of the 1800-Serles microproces- 
sor. 



The inverse of t his sign al is normally 
connected to the C LOCK terminal of the 
CDP1861C and the CLK terminal of the 
CDP1862C. 

COMP SYNC 

An input signal used to provide horizontal 
line synchronization between the 
CDP1861C and the CDP1862C color 
signals. This signal is n ormally connected 
to the COMP SYNC terminal of the 
CDP1861C. 

LUM IN 

The luminance video input, to which the 
color information is added. One color block 
corresponds to eight serial bits of dataf rom 
this input. This input is normally connected 
to the VIDEO terminal of the CDP1861C. 

vss 

Negative supply voltage; ground. 
XTAL, XTAL 

Terminal connections for an external 
crystal, in parallel with a resistance [10 
megohms typ.] if the on-chip oscillator is 
utilized. Frequency trimming capacitors 
may be required at terminals 13 and 14. 
XTAL is the input for an externally 
generated single-phase clock. 
BURST 

The color reference output, which oscil- 
lates at the XTAL frequency divided by 2. 
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This signal provides approximately 11 
cycles of 3.57954 5 MHz from the low-to- 
high transition of COMP SYNC until TPB = 
high. This signal is coupled thro ugh an 
external series RC circuit to the COMP 
SYNC output of the CDP1861C. 
RD, BD, GD 

The red, blue, and green color data inputs. 
One of eight colors is la tched on the high- 
to-low transition of CLK when TPB = high, 
forming a color block of eight horizontal 
LUM IN data bits. Only the selected 
background color appears at the output If 
LUM IN = low. These inputs are normally 
connected to the DATA OUT terminals of 
the color map memory. 

BKG LUM, R LUM, B LUM, G LUM 

These output signals provide background 
and color luminance information. T hey are 
resistiv ely added externally to the COMP 
SYNC output of the CDP1861C. 



BKG CHR, R CHR, B CHR, G CHR 

These output signals provide background 
and color chrominance Information. They 
are coupled t hrough an exte rnal series RC 
circuit to the COMP SYNC output of the 
CDP1861C. Each signal is phase-shifted 
from the BURST reference signal by the 
amount necessary for proper color oper- 
ation. 
CON 

^^® co lor data input latch enable signal. 
After a RESET condition, the internal RD, 
BD, and GD input latches are held In a reset 
state, providing a white color output. When 
CON is pulsed low, the reset state Is 
removed and the latches are enabled, pro- 
viding color output. Thi s input is normally 
connected to the gated MWR signal from 
the 1800-Series Microprocessor. 

VDD 

Positive supply voltage. 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Opera- 
tion of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 



these conditions m ust not cause Vdd-Vss 
to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protec- 
tion circuit, input signals should never 
be greater than Vdd nor less than Vss- 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Vdd or 
Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss may 
damage CMOS devices by exceeding 
the maximum device dissipation. 
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Preliminary Data 



CDP1863, CDP1863C 









RRTT — 


1 16 


— VoD 


CLK2 — 


2 15 


— OE 


CLK 1 — 


3 14 


OUT 


STR — 


4 13 


— DI7 


DIO — 


5 12 


— DI6 


DII — 


6 II 


— 015 


DI2 — 


7 10 


— DI4 


vss — 


8 9 


— DI3 




TOP VIEW 
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TERMINAL ASSIGNMENT 



CMOS 8-Bit Programmable 
Frequency Generator 



Features: 

■ Directly interfaces witli CDPIdOO-series 
microprocessors 

■ 256 possible programmable frequencies 

u Two clock input predividers (-^ 4 and -^ 8) 
m Gated square-wave output 

■ Single 4 to 10.5 V supply 



The RCA-CDP1863 and CDP1863C CMOS integrated cir- 
cuits are programmable frequency generators designed to 
produce 256 possible frequencies from a single-frequency 
input clock. They will interface directly with the CDP1800- 
series microprocessor as shown in the system diagram (see 
Fig. 1). 

The CDP1863 and CDP1863C consist of a programmable 
up-counter and an 8-bit latch (see Fig. 2). An input clock is 
predivided by a fixed internal counter chain in addition to 
the programmable counter. The final stage of the device 
divides the output of the up-counter by two to provide a 
square-wave output. The input clock may be applied to 
either of two inputs; CLK1 provides a divide-by-four predi- 
vide, and CLK2 a divide-by-eight. The unused input must be 
tied to Vdd to avoid interference with the true clock. After the 
programmable up-counter has reached its maximum count, 
the next predivided clock pulse will cause it to go to zero. 
At this time, the output flip-flop toggles and the load flip- 
flop is turned on. The output of the load flip-flop is fed into 
the NOR gates which allow the divide rate stored in the 8-bit 
latch to preset the up-counter. Before the next predivided 
clock pulse clocks this up-counter, the load flip-flop is reset 
and the NOR gates are turned off. The counter then re- 



sumes its up-count. The data at the eight data inputs is 
latched into the device by the high-to-low transition of 
CLK1, when STR(STROBE) is high, or by the high-to-low 
transition of STR, when CLK1 is high. 

When using CLK2, CLK1 must be tied to Vdd to permit the 
STR input to generate the internal latch clock. The 8-bit 
data in the latch determines the divide rate of the program- 
mable up-counter in the device. This rate may range from 
divide-by-one to divide-by-256. 

A low level on the RESET input resets the up-counter, 
predividers, and flip-flops, and forces an initial state into the 
8-bit data latch. This initial state provides a fixed divide rate 
for the devi ce prior to running the system. A high level on 
the RESET input enables the up-counter, predividers, and 
flip-flops and allows programming a new divide rate into the 
device. 

The CDP1863 and CDP1863C are functionally identical. 
They differ in that the CDP1863 has an operating voltage 
range of 4 to 10.5 volts and the CDP1863C hasan operating 
voltage range of 4 to 6.5 volts. Both are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D suffix) and in 
16-lead dual-in-line plastic packages (E suffix). 
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Fig. 1 — Typical CDPIdOO-series microprocessor system using the CDP1863 and CDP1863C. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd): 
(Voltage referenced to Vss Terminal) 

CDP1863 ' -0.5 to + 11 V 

CDP1863C -0.5 to + 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT , ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to + 60° C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 m\NrC to 200 mW 

For Ta = -55 to + 100«C (PACKAGE TYPE D) 500 mW 

f-or Ta = +100 to + 125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
I'-or Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125°C 

PACKAGE TYPE E -40 to +85<'C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265°C 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° 


C, except 


as noted 










CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V.N 

(V) 


Vdd 
(V) 


CDP1863 


CDP1863C 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


Quiescent Device 
Current, II 


— 


— 


5 


_ 


50 


250 


— 


50 


250 


//A 


— 


_ 


10 


— 


250 


500 


— 


— 


— 


Output Low Drive 
(Sink) Current, Iol 


0.4 


0,5 


5 


1.6 


2.2 


— 


1.6 


2.2 


— 


mA 


0.4 


0,10 


10 


3 


3.6 


_ 


— 


— 


— 


Output High Drive 
(Source) Current, Ioh 


4.5 


0,5 


5 


-1 


-1.6 


- 


-1 


-1.6 


- 


mA 


9.5 


0,10 


10 


-3 


-3.6 


— 


— 


— 


— 


Output Voltage 
Low-Level, Vol 


— 


0,5 


5 


— 





0.05 


— 





0.05 


V 


- 


0,10 


10 


- 





0.05 


- 


— 


— 


Output Voltage 
High-Level, Voh 


— 


0,5 


5 


4.95 


5 


— 


4.95 


5 




— 


0,10 


10 


9.95 


10 


— 


— 


— 


- 


Input Low Voltage, 


0.5,4.5 


— 


5 


— 


— 


1.5 


— 


— 


1.5 


V 


0.5,9.5 


- 


10 


~ 


- 


3 


— 


— 


— 


Input High Voltage, 

V,H 


0.5,4.5 


— 


5 


3.5 


— 


— 


3.5 


— 


«_ 


0.5,9.5 


— 


10 


7 


— 


— 


— 


— 


^ 


Input Leakage 
Current, Iin 


Any 


0,5 


5 


— 


±0.1 


±1 


- 


±0.1 


±1 


M 


Input 


0,10 


10 


— 


±0.1 


±1 


— 


— 


— 


Operating t 
Current IddI^ 


- 


0,5 


5 


- 


0.67 


1 


— - 


0.67 


1 


mA 


- 


0,10 


10 


- 


3.5 


4.5 


- 


~ 





*Typical values are for Ta = 25° C 

fMeasured with CLK1=2 MHz, total divide rate of 8, Cl = 50 pF. 

t Measured with CLK1=4 MHz, total divide rate of 8, Cu = 50 pF. 



272 



1800-Series Peripherals 



CDP1863, CDP1863C 



OPERATING CONDITIONS at Ta = 25° C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation is always within 

the following ranges 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1863 


CDP1863C 


MIN. 


MAX. 


MIN. 


MAX. 


Supply-Voltage Range (At Ta = Full 
Package-Temperature Range) 


4 


10.5 


4 


6.5 


V 


Recommended Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 


V 


Input Signal Rise and Fall Time, tr, tf 


— 


. 5 


— 


5 


/WS 



CLK CLK 



© ® ® 



DI DI DI DI DI DI DJ DI 
I 2 3 4 5 



(^ 



® 0® ® ®® 



® 




I 



Fig. 2 — Block diagram for the CDP1863 and CDP1863C. 



SIGNAL DESCRIPTIONS 



CLK1, CLK2 

Input clock which is divided-down by the device to provide 
an output frequency. The divide rate of the device Is com- 
posed of a fixed predivide, the programmable divider, and a 
divide-by-two output flip-flop which provides a square- 
wave output. CLK1 is pre-divided by four and CLK2 is pre- 
divided by eight. The unused CLOCK input must be tied to 
Vdd to avoid interference with the true CLOCK signal. CLK1 
may also be used to latch the eight data inputs. 



OUT 

Square-wave output which is the result of the divided-down 
input CLOCK. The OUTPUT toggles after the program- 
mable up-counter reaches Its maximum value and goes to 
zero. OUT is held low when OE is low. 

OE 

A high on this input allows OUT to toggle freely. A low on 
OE holds OUT low. 
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SIGNAL DESCRIPTIONS (Cont'd.) 



D10-D17 

Data inputs for programming the divide rate of tiie device. 
The divide rates programmed into the device are inversely 
proportional to the output frequencies generated. For ex- 
ample, programming the device vy/ith OOie causes the pro- 
grammable up-counter to divide by one, providing the max- 
imum output frequency for any given input clock. 
Programming an FFie results in the maximum divide rate 
and the minimum output frequency. To determine the fre- 
quency generated by a given programmed divide rate, 
divide the Input clock frequency by the decimal equivalent 
of the programmed divide rate plus one, times the fixed 
predivide which is 8 for CLK1 or 16 or CLK2: 
Input Clock Frequency/[{Programmed Divide Rate + 7)io 
{Fixed Predivide)] 

STR 

Positive pulse used to latch data at the eight inputs into the 
device. This pulse is gated with CLK1 to form the internal 
latch clock. When CLK1 is the input clock, the STR input 



must be positive during the hIgh-to-low transition of CLK1 . 
When CLK2 is the input clock, CLK1 must be tied to Vdd so 
that the STR Input produces the latch clock. 

RESET 

A low on the RESET input resets all the stages of the predi- 
viders and the programmable up-counter and sets an initial 
divide rate into the latch. This is to provide a standard initial 
divi de rate a t the moment the system begins running. A high 
on RESET enables the counter to run freely and allows 
programming a new divide rate. The initial state of the 
up-counter isa divide-by-54 resulting in a total divide rate of 
432, after 1024 clock pulses when using CLK1, and 864, 
after 2048 clock pulses when using CLK2. 

Vdd 

Positive supply voltage. 

Vss 

Negative supply voltage; ground. 



APPLICATION 



The programmable frequency generator is directly compat- 
ible with the CDP1802 CMOS microprocessor. In Fig. 1 a 
simple CDP1802 system using this device is shown. TPB 
may be used as the input clock. At typical CDP1802 system 
clock frequencies, using TPB as an input to CLK1 results in 
nearly every possible output of the device being in the audio 
range. The Q output of the CDP1802 may be used as the 
OUTPUT ENABLE (OE) of the device. The eight data inputs 
are connected to the bidirectional data bus which allows the 
system memory to provide divide rate data to the device. A 
single N bit or some decoded output of all the N bits may be 
used as the STR input to latch data into the device. This 
involves designating some output instruction of the 
CDP1802 for providing the STR. The output instruction 
places the data pointed to by the X register on the bus, while 
simultaneously pulsing the appropriate N bits. By the inter- 
nal gating of TPB and STR, when TPB is fed into CLK1 , the 
resulting latch clock terminates while the data is still valid 
on the 8-bit bus. If TPB is fed into CLK2, it is necessary to 
provide an external AND gate for the appropriate N bits and 
TPB, to p reserve this timing feature. The same signal that 
feeds th e CLEAR input of the CDP1802 may be used as the 
RESET signal to this device. 



As an example of programming the frequency generator, 
assume a 64 instruction is selected as the output code used 
to program the device. Let machine register E point to the 
data to be latched. N2 is the only N bit pulsed by a 64 
instruction and may be fed directly to the STR input if TPB is 
fed to CLK1. An EE instruction makes RE the X register. 
Following this with a 64 instruction puts the data pointed to 
by RE onto the data bus and raises the N2 bit TPB, which is 
within the duration of the N2 pulse, causes the internal latch 
clock to terminate before the data bus loses validity. The 
latch in the device continually passes the data inputs 
through to the outputs of the latch as long as CLK1 and STR 
are high. Once CLK1 goes low, data is locked in. A 7B 
instruction then sets the Q line high which, if connected to 
OE, allows the OUT to toggle at the desired rate. 

Code: 
EE RE is the X register 
64 M(E)-BUS N2 pulsed high 
7B Q turned on 
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Fig. 3 — General CLOCK 1 timing diagram. 
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Fig. 5 — General CDPIdOO-series microprocessor system timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at 7a 



= -40 to +85° C, I/dd ± 5%, Cl = 50 pF 



CHARACTERISTIC 


Vdo 
(V) 


LIMITS 


UNITS 


CDP1863 


CDP1863C 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


Clock 1 Frequency tcLKi 


5 


— 


^ 


2 


— 


— 


2 


MHz 


10 


— 


— • 


5 


— 


— 


— 


Clock 2 Frequency tcLK2 


5 


— 


— 


4 


— 


— 


4 


MHz 


10 


— 


— 


8 


— 


— 


— 


Clock 1 Width ti 


5 


250 


— 


~ 


260 


~ 


— 


ns 


10 


100 


— 


— 


— 


~ 


— 


Clock 2 Width tz 


5 


125 


— 


— 


125 


— 


— 


ns 


10 


70 


— 


-- 


_ 


— 


^ 


Clock 1 to Clockout tcu 


5 


— 


1 


1.7 


— 


1 


1.7 


AfS 


10 


— 


0.3 


0.5 


-_ 


— 


-_ 


Clock 2 to Clockout tcL2 


5 


— 


0.9 


1.2 


_ 


0.9 


1.2 


AfS 


10 


— 


0.3 


0.5 


— 


— 


-_ 


Reset to Clockout tcLR 


5 


— 


260 


375 


— 


260 


375 


ns 


10 


— 


. 130 


170 


— 


— 


— 


OE Delay to Clockout toEo 


5 


— 


110 


150 


— 


110 


150 


ns 


10 


— 


40 


70 


— 


— 


— 




5 


— 


120 


160 


— 


120 


160 


ns 


Reset Pulse Width tps 


10 


— 


60 


90 


— 


— 


— 


Data Setup to Clock 1 tos 


5 


— 





20 


— 





20 


ns 


10 


— 





10 


— 


— 


— 


Data Hold to Clock 1 toH 


5 


— 


75 


100 


— 


75 


100 


ns 


10 


— 


50 


80 


— 


_ 


— 


Data Setup to Strobe toss 


5 


— 





30 


— 





30 


ns 


10 


~ 





30 


— 


— 


— • 


Data Hold to Strobe toHs 


5 


— 


50 


100 


— 


50 


100 


ns 


10 


- 


40 


60 


— 


-- 


— 



*Typical values are for Ta = 25** C and nominal voltages. 
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Fig. 6 — Timing diagram for ttie CDP1863 and CDP1863C. 
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INLACE 


1 40 


"^DD 


CTR 


2 39 


AUD 


dUAft 


3 38 


1 CLRIN 


AOE 


4 3T 


OMAO 


SCI 


9 36 


INT 


SCO — 


6 35 


TPA 


MRD 


7 34 


TPB 


BOS 7 


8 33 


EVS 


BUS 6 


9 32 


VSYNC 


BUS 5 


10 31 


H SYNC 


BUS 4 


II 30 


CBMPSTRC 


BUSS 


12 29 


RED 


BUS 2 


13 28 


BLUE 


BUS 1 


14 27 


GREEN 


BUSO 


IS 26 


IKG 


CON 


16 25 


BURST 


N2 


17 24 


ALT 


IF 


18 23 


R DATA 


NO 


19 22 


B DATA 


vss 


20 21 


G DATA 




TOP VIEW 




92CS-3I899RI 


TERMINAL ASSIGNMENT 



Preliminary Data 

CMOS PAL Compatible 
Color TV Interface 



Features: 

■ Single chip contains circuitry for video, sync, RGB 
color, and programmable frequency for tone 
generation 

u Programmable 1-of-8 dot colors plus 1-of'4 back- 
ground colors 

■ Bit-mapped display with maximum resolution of 192 
vertical x 64 horizontal 

m Interlaced or non-interlaced displays 

m Schmitt trigger clear input and output for power-on 

reset of CD PI 800 system 
m 1.75-f^Hz crystal operation 



CDP1864C 



The RCA-CDP1864C is an LSI CMOS color or black and 
white PAL-compatible video controller designed for use in 
CDP1800 microprocessor systems. It interfaces directly 
with the 1800-series microprocessor as shown In Figs. 1 and 
2. The DMA feature of these processors is used for direct 
data transfers of luminance Iniformation for display refresh. 
The INTERRUPT Input and a flag line (EF1, EF2, EF3, or 
EF4) are used for handshaking. 

The CDP1864C generates vertical sync, horizontal sync, 
and composite sync. These signals, combined with the 



RED, BLUE, GREEN, BURST, and §K?§ signals, can be 
used to generate a composite video signal, or they can be 
used directly Inside a TV set. 

In addition to generating a bit-mapped video display the 
CDP1864C contains a programmable frequency generator 
designed to produce 256 tones that range from 107 Hz to 
13672 Hz. 

The CDP1864C is supplied In the 40-lead dual-In-line 
ceramic (D suffix) and plastic (E suffix) packages. 



I 
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< JNT.DMA07! 



CPU 
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?Vdd 



CLOCK.no, N2.Q 



:> 



TPB. SCO. SCI 



RiWR 



ADDR-^g^lf^5^ 



laWR 



COLOR 
MAP 
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8 BIT BI-DIRECTIONAL DATA BUS 



S 



U 



SY NC 



TO COLOR 
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CIRCUIT 

* OR 
TO RGB 
INPUTS 



92CM-3I90IRI 



Fig. 1 — Typical color system. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vod) 
(Voltage reference to Vss Terminal) 
CDP1864C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to -h60*'C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85"'C (PACKAGE TYPE E) Derate Linearly at 12 mW/° C to 200 mW 

For Ta = -55 to +100'*C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125*»C (PACKAGE TYPE D) Derate Linearly at 12 mW/'^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES, D, H -55 to+125''C 

PACKAGE TYPE E -40 to+SS'^C 

STORAGE TEMPERATURE RANGE (Tsta) -65 to +150*»C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265**C 



OPERATING CONDITIONS at Ta = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


Vdd 
(V) 


TYPICAL 
VALUES 


UNITS 


DC Operating-Voltage Range 


— 


4. to 6.5 


V 


Input Voltage Range 


— 


Vss to Vdd 


V 


Maximum Input Pulse Rise or Fall Time, tr.tt 


5 


5 


//s 


Maximum Input Clock Frequency, fcL 


5 


1.75 


MHz 



STATIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Vdd = 5 V ±5% 



CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


CDP1864C 


Min. 


Typ. 


Max. 


Quiescent Device Current, bo 




0.5 


— 


100 


500 


//A 


Output Voltage:* 
Low-Level, Vol 





0,5 


_ 





0.1 


V 


High-Level. Vqh 


— 


0,5 


4.9 


5 


— 


Input Low Voltage, Vil 


0.5,4.5 


Any Input 


— 


— 


1.5 


Input High Voltage, V,h 


0.5.4.5 


3.5 


— 


■ — 


Output Low (Sink) Current, lot 


0.4 


0,5 


2 


2.4 


— 


mA 


Output High (Source) Current, Ioh 


4.5 


0,5 


-1.6 


-1.8 


— 


Input Leakage Current, Iil,Iih 


— 


Any Input 


— 


±0.1 


±1 


/tiA 


3-State Output Leakage 
Current, Iout 


0.5 


0,5 


_ 


±0.2 


±2 



*lo <1 //A. 
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Fig. 2 — Typical black and white system. 
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F/g. 3 — CDP1864C block diagram. 
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Fig. 4 — Display area diagram. 



FUNCTIONAL DESCRIPTION OF 
CDP1864C TERMINALS 
INLACE - INTERLACE (Input): 

A high level at this input results in the generation of a 625 
line-per-frame interlaced display, and a low-level input re- 
sults in the generation of a 312 line-per-frame non- 
interlaced display. 

SEK- CLOCK INPUT (lnput)j 

A 1.75 MHz clock input to the XTAL terminal of the 1800- 
series microprocessor. 

CLEAR - CLEAR OUT (Output): 

This is a post-Schmitt trigger output of the signal on CLR 
IN. It is connected to the CLEAR-N input of the CDP1800- 
series microprocessor to provide it with a clean, clear 
signal. 



AOE — AUDIO OUTPUT ENABLE (Input): 

A high level at this input allows the selected frequency to be 
generated at the AUDIO-GUT terminal A low-level input 
holds AUDIO OUT low. AOE may be connected to Q output 
of the 1800-series microprocessor. 

SCO, SCI - STATE CODES AND 1 (Inputs): 

These Inputs are used to synchronize the CDP1864 to the 
microprocessor machine states and are connected to the 
SC1 and SCO outputs of the 1800-series microprocessor. 

MRD — (Input): 

This input selects the command issued to the CDP18 64(in 
conjunction with N2 and NO). It is connected to the MRD 
output of the 1800-series microprocessor. 
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BUS — BUS 7 (Inputs): 

These inputs load the luminanqe information during the 
display interval, and the frequency generator divide byte 
when selected. They are connected to the DATA BUS. 
CON — COLOR ON (Input): 

A low level at this input enables the CDP1864 to begin 
loading color information from the RDATA, GDAT A, and 
BDATA inputs. CON is connected to the gated MWR signal 
of the color memory. 

N2 (Input): 

This input is used in conjunction with MRD and TPB to load 
data into the tone generator latch (MRD«N2«TPB) and dis- 
able the gener ation of INjTERRUPT and DMA requests by 
the CDP1864 (MRD»N2«TPB). For example, a 64 instruc- 
tion would result in data being loaded into the tone-divider 
latch, while a 6C instruction would disablethe INTERRUPT 
and DMA requests. N2 is connected to the N2 output of the 
1800-series microprocessor. 

EF ~ EXTERNAL FLAG OUT (Output): 

This output is connected to a 1800-series microprocessor 
EF1 - EF4 inputs. It maintains software synchronization 
with the display. Two pulses per field are generated on this 
line, each of which is four horizontal lines wide. The first 
pulse begins four horizontal lines before the display, and 
the second pulse begins four horizontal lines prior to the 
end of the display. The second pulse is used to indicate to 
the microproceissor that the display Is ending. 

NO (Input): 

This input is used in conjunction with MRD and TPB to step 
the background color (MRD»NO«TPB) and to enable the 
INTERRUPT and DMA requests (NO«TPB). For example, a 
61 instruction would step the background color, and a 61 or 
69 Instruction would enable the INTERRUPT and DMA re- 
quests. NO is connected to the NO output of the 1800-series 
microprocessor. 

Vss: 

Negative supply voltage. 

GDATA, BDATA, RDATA — RED, GREEN, 
and BLUE DATA (Inputs): 

These inputs carry color information from the color RAM. 

The data on these lines are latched concurrent with the 

latching of the luminance infor mation from the data bus 

during the display interval if the CON input has gone low 

since reset. 

ALT - ALTERNATE (Output): 

This output toggles at each horizontal sync time and is used 

to perform the phase alternation. 

BURST (Output): 

This output applies a 4.57 us pulse to each horizontal sync 
back-porch (except for 24 lines during vertical sync when it 
is blanked) which gates in the color burst signal. 

BKG - BACKGROUND (Output): 

This CMOS logic level output indicates that the color se- 
lected by the RGB outputs is due to background color 
select rather than a one bit in a display luminance byte, BKG 
may be used to lower the luminance of the background 
color so that the same color may be used for display of data. 
This output is blanked (held high) during horizontal and 
vertical blanking. 



CDP1864C 

GREEN, BLUE, RED (Outputs): 

These CMOS logic level outputs are used either directly in 
the TV to generate the selected colors, or indirectly to 
generate a composite video signal. These outputs are used 
to indicate the selected color for an "on" spot or the back- 
ground color for an "off" spot. 

COMP SYNC - COMPOSITE SYNC (Output): 

This output is the composite horizontal and serrated verti- 
cal sync signal. 

HSYNC — HORIZONTAL SYNC (Output): 

This output is a separate horizontal sync signal. 

EVS - EXTERNAL VERTICAL SYNC (Input): 

A high level at this input sets the line counters to the vertical 
sync state. 

TPB - TIMING PULSE B (Input): 

This input is connected to the TPB output of the 1800-series 
microprocessor. It is used forstrobing the MRD and N lines, 
for horizontal line timing, and as the input to the tone 
generator. 

TPA - TIMING PULSE A (Input): 

This input is connected to the TPA output of the 1800-series 
microprocessor. It is used for horizontal line timing. 

[NT — INTERRUPT (Output): 

This output is connected to the Fnt input of the 1800-series 
microprocessor. One interrupt request is issued per field. 
The request is issued two horizontal lines before the display 
interval, and the signal remains active for two horizontal 

lines. 



I 



DMAO - DMA OUT REQUES T (Output) : 

This output is connected to the DM AOUT input of the 1800- 
series microprocessor. During the display interval the 
CDP1864 issues this request for 6 machine cycles during 
the center of each horizontal line (each line time is 14 
machine cycles). 



RESET - RESET IN 

A low level at this inp ut resets the CDP1 864 and generates a 
low on the CLROUT output. The requests and the loading of 
color information are inhibited by reset. These remain in- 
hibited until enabled by the appropriate signals. The line 
counters and horizontal counters are also held reset while 
RESET is low. The Schmitt trigger circuit at this input allows 
the use of an RC circuit for power-on reset and reset 
debounce. 

AUD — AUDIO OUT: 

This is the output of the programmable frequency 
generator. 

Vdd: 

Positive supply voltage. 
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CDP1864C 

CIRCUIT OPERATION 

The CDP1864C consists of four major sections: a timing 
generator that produces the necessary signals for video 
Interface, a parallel-in/serial out shift register for dot gener- 
ation, a tone generator for one of 256 frequencies, and 
control logic for software control of the first three sections 
(see Fig. 3). In a typical CDP1800 system, control of the 
CDP1864C is accomplished with I/O commands as shown 
in Fig. 6. 

The CDP1864C display is a bit-mapped, color or black and 
white display with a maximum resolution of 192 lines verti- 
cally and 64 dots (eight 8-bit bytes) horizontally. This reso- 
lution, which requires 1.5 Kbytes of refresh RAM, is seldom 
used because of the poor aspect ratio of the resultant pic- 
ture element. An approximately square picture element is 
obtained by repeating each horizontal line 6 times (this is 
done in software by the CPU) for a 32-row by 64-dot display. 
This lower resolution display requires 256 bytes of refresh 
RAM. 

The CDP1864C generates both composite and separate 
hori zonta l and vertical sync, RED, BLUE, GREEN, BURST, 
and BKG signals. These signals may be used directly (in- 
side the TV) , or they may be used to generate the com posite 
video signal. The sync signals generate either a 625 li ne- 
per-frame interlaced display or a 312 line-per-frame non- 
interlaced display. This is selectable by connecting the 
INTERLACE input to either Vdd or GND. 

The video refresh is accomplished via the DMA channel of 
the microprocessor, and synchronization is provided by 
INT, EF, SCO, and SC1 . The EF signal goes low 4 horizontal 
lines prior to the start of display and again 4 lines prior to the 
end of the display. This signal alone can be used by the CPU 
to initialize R(0) for DMA refresh. Alternatively, the INT, 
which goes low 2 lines prior to the start of the display, may 
be used ,to enter an interrupt routine that initializes R(0), 
and the EF signal can be used to indicate the end of the 
display. The combination of INT and EF allows for an inter- 
rupt routine to oversee DMA refresh and repeat horizontal 
lines for configurations with less than the maximum 192- 
line resolution. EF can be sampled to detect the end of the 
display and cause a return to the main program from the 
Interrupt routine. 

SCI and SCO are used to provide CDP1864C-to-CPU syn- 
chronization for a jitter-free display. During every horizon- 
tal sync the CDP1864C samples SCO and SCI for SCO = 1 
and SCI =0 (C DPI 800 execute state). Detection of a fetch 
cycle causes the CDP1864C to skip cycles to attain syn- 
chronization. Once in lock the system will remain locked if: 
(1) no 3-cycle instructions (e.g. NOP) are executed during 



the display (three 2-cycle instructions are executed each 
horizontal line); (2) an even number of cycles is performed 
between frames (easiest to do by avoiding 3-cycle Instruc- 
tions); or (3) exactly 29 cycles, beginning with a fetch and 
ending with an execute, are completed between the S3 
interr upt r esponse of the cpu and the first DMA In systems 
using INT. The 29 cycles of Interrupt should consist of an 
early 3-cycle Instruction and thirteen 2-cycle instructions 
(or equivalent). Fig. 5 Is an example of an interrupt routine 
for a 64 by 32 picture element display (each horizontal line 
is repeated 6 times). 

Reset disables the color, control, iNT, and DMA requests. A 
61 or 69 instruction enables the requests, and a 6C Instruc- 
tion disables them (see Fig. 5). Color is enab led by CON, 
which is normally connected to the gated MWR signal of the 
color RAM. 

The background color is program-selected to be either 
blue, black, green or red. The initial default is blue. The 
color selected is changed by a 61 Instruction (see Fig. 5). 
This condition causes the color to step to the next co lor in 
the order shown above. From red It steps to blue. The BKG 
output may be used to lower the luminance of the color 
when it is background. This would, for instance, enable a 
blue spot to be u sed on a blue background and still be 
visible. The BKG signal and RGB outputs are internally 
blanked during the horizontal and vertical retrace. 

The CDP1864C also contains a programmable tone genera- 
tor designed to produce 256 frequencies. The frequency 
input to this generator is the TPB input (TPB frequency = 
1.75 MHz H- 8 = 218.75 kHz). This frequency is further 
reduced by a divide-by-4 predivider, an 8-blt programmable 
up-counter, and a divide-by-2 output stage. The program- 
mable up-counter is reloaded automatically from the 8-bit 
tone generator latch each time it reaches the terminal 
count. The tone generator latch is loaded by the CPU from 
the data bus during a 64 output instruction (see Fig. 5). 

An AUDIO OUTPUT ENABLE (AOE) terminal Is also pro- 
vided. When this terminal is high the output of the generator 
(AUDIO OUT) is allowed to toggle freely. When this termi- 
nal is low the output is held low. AUDIO OUT may be 
connected to the Q line of the 1800-series microprocessor. 
A low on the reset sets the 8-bit latch to a default state of 35 
hex and resets the programmable counter. When reset is 
released a frequency output of 506 Hz will be generated 
until a new value is loaded Into the latch. The frequencies 
generated from the input to the 8-bit tone generator latch 
can be computed by: 

27343.75 

f = — : Hz. 

(Hex Code+ 1) io 



CONTROL LINE TRUTH TABLt 



MRD 


N2 


NO 


jph 


OP CODE* 


OPERATION 


X 








X 


— 


NO ACTION 


X 





1 


1 


61 or 69 


ENABLE REQUESTS 








1 


1 


61 


STEP BACKGROUND COLOR 





1 





1 


64 


LOAD TONE GENERATOR LATCH 


1 


1 





1 


60 


DISABLE REQUESTS 


X 


1 


1 


X 


— 


ILLEGAL COMMAND 


X 


X 


X 





— 


NO ACTION 



*The OP CODE column is given assuming that N1 
•connected to the CDP1864C. 



0. It is actually a DONT CARE because N1 from the microprocessor is not 
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Machine Code 


Assembly Language 


72 


INTRET 


": LDXA 


70 




RET 


C4 


INT 


: NOP 


22 




DECR2 


78 




SAV 


22 




DECR2 


52 




STR R2 


F8-B0 




A.1 (DISMEM) - R0.1 


F8-A0 




A.0 (DISMEM) - RO.O 


C4, C4 




NOP; NOP 


E2 


DISP 


: SEX2 


80] 




GLO RO 


E2 




SEX2 


20 




DECRO 


AO] 




PLO RO 


E2 




SEX2 


20 




DEC RO 


AO] 




PLO RO 


E2 




SEX2 


20 




DEC RO 


AO] 




PLO RO 


E2 




SEX2 


20 




DECRO 


AO] 




PLO RO 


E2 




SEX2 


20 




DECRO 


AO 




PLO RO 


3C 




BN1 DISP 


30 




BR INTRET 



Comments 

. . RESTORE D 

. . RETURN 

. . 3 CYC. INSTR. USED 

. . FOR PGM. SYNC 

. . R2 IS STACK PTR 

. . T - STACK 

. . D - STACK 

. . LOAD RO WITH 

. . START.ADDR.OF DISP. MEM 

. . NOPS USED FOR SYNC 

. . LINE START ADPR. -D 

. . NOP 

. . RESET R0.1 IF PASS PG 

. . LINE START ADDR. -* RO.O 

. . NOP 

. . RESET R0.1 IF PASS PG 

. . LINE START ADDR. - RO.O 

. . NOP 

. . RESET R0.1 IF PASS PG 

. . LINE START ADDR. - RO.O 

. . NOP 

. . RESET R0.1 IF PASS PG 

. . LINE START ADDR. - RO.O 

. . NOP 

. . RESET R0.1 IF PASS PG 

. . REPEATS SAME LINE 

. . LOOPS 32 TIMES 

. . END OF DISPLAY 



Fig. 5 — Interrupt routine for a 64 x 32 display. 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525 "Guide to Better Handling 
and Operation of CMOS integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must not 
cause Vdd-Vss to exceed the absolute maximum rating. 



Input Signals 

To prevent damage to the Input protection circuit, input 
signals should never be greater than Vdd nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. 
All unused Input terminals must be connected to either 
Vdd or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vdd or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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BKG 
VIDEO 



HORIZONTAL 
SYNC 



r 





CO 


LC 


R 


BURST 


L 















BKG 
VIDEO 



h d- 



9<:CM-3I903 





PAL 
STANDARD 


CDP1864 


a 


1.55 ius 


3.14ms 


b 


4.7 ±0.1 MS 


4.57 MS 


c 


900 ns ± 100 ns 


857 ns 


d 


2.25 ns ± 0.25 MS 


2.57 MS 


e 


2.6 ms 


2.0 ms 


f 


5.8 ms 


5.43 ms 


g 


12.05 ms 


13.14ms 


HORZ. 
FREQ. 


15625 Hz 


15625 Hz 



HORIZONTAL SYNC 



I I I I I I I I I I I I I I I 



VERTICAL AND BURST BLANKING 

h 



VERTICAL SYNC 



1_ 



92CM-3I902 





PAL 
STANDARD 


CDP1864 


a 


25 H 


24 H 


b 


2.5 H 


4 H 


c 


20 H 


12 H 


d 


2.5 H 


4 H 


Burst 
Blanking 


9H 


24 H 


Vertical freq. 
(interlaced) 


50 Hz 


50 


Vertical freq. 
(non-interlaced) 


50 Hz 


50.08 Hz 



Fig. 6 — Timing diagrams. 
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2X BURST 
FREQUENCY 



Y 1/4 7*lS68 



* Q 



1/4 74LS74 



"T] ^ — D Q i ^AA^ 1 I 1 

Y^-^ ' ' 2.2 kll f TG 

O— ' ALTERNATE ' ^AA^ ' ^-pJ 



' ALTERNATE 
BURST 



2.7 kii 

1.5 kX2 
AAAr- 

1.2 kXl 



■-AAA^ 1 I 1 

5.6 kil f TG — 



FROM 
CDPI864C * 



o- 



o^ 



92CS-3I898 

f\g. 7 — Typical color signal generator. 



CHROMA 
SIGNAL 

Q 




750 n 



2.2 kil 

COMP SYNC O— VSAr- 



^470 11 
92CS-3I897RI 

Fig. 8 — Typical composite video network. 



CDP1864C 



CHROM 
OUT 
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CMOS 4-Bit Latch and Decoder 
Memory Interfaces 

Features: 

■ Performs memory address latch and 
decoder functions multiplexed or 
non-multiplexed 

m Interfaces directly with all CD PI 800 
family CPUs 



MAO — 


1 18 


-^DD 


MAI — 


2 17 


— CLOCK 


MA2 — 


3 16 


— CEI 


MAS — 


4 15 


— CE2 


MRO~ 


5 14 


-CE3 


MWR — 


6 13 


— CSO 


AB- 


7 12 


— csl 


AS — 


8 11 


-CS2 


vss- 


9 10 


— CS3 




TOP VIEW 




»»2C3-30rd7RI 


TERMINAL DIAGRAM 


CDP1866, CDP1868 



The RCA-CDP1866, CDP1867, and CDP1868 are CMOS 
4-bit memory latch and decoder circuits intended for use in 
CDP1800 series microprocessor systems. They can inter- 
face directly with the multiplexed address bus of this sys- 
tem at maximum clock frequency, and up to eight 4096-blt 
random-access memories to provide a 4096-byte RAM sys- 
tem. All the necessary chip selects are provided as outputs 
along with additional enable inputs so that in larger memory 
systems, the 9-chip 4096-byte blocks can be readily 
accessed. 

These devices are also compatible with non-multiplexed 
address bus microprocessors. 

By connecting the clock input to Vdd, the latches are in the 



data-following mode and the decoded outputs can be used 
in general-purpose memory-system applications. 

The CDP1866 and CDP1868 are Intended for use with 1024- 
word RAMsand are identical e xcep t that in th e C DP I 868, 
CE1 and 5^2 are latched and C§2 is valid on MWR only. 
This allows the CDP1868 to be used in a color display 
system with the CDP1861 and CDP1862 (see Fig. 9). The 
CDP1867 is Intended for use with 4096-word RAMs. 
The CDP1836, CDP1867, and CDP1868 are supplied in an 
18-lead herrpetic dual-in-line ceramic package (D suffix) 
and an 18-leed plastic package (E suffix). The CDP1866C, 
CDP1867C, pnd the CDP1868C are available in chip form 
(H suffix). 



TPA 
MA3 
MA2 
MAI 



C0PI802 
8-BIT CPU 



MRO 



CLOCK 
MA3 
MA2 
MAI 
MAO 
C0PI866 



MWR 
CEI Cl2Cl3 

I M 



' CSO 

• c?i 

•CS2 

• CS3 



MAO — 


1 


18 


MAI — 


2 


17 


MA2 — 


3 


16 


MAS — 


4 


15 


MRD — 


5 


14 


MWR — 


6 


13 


A8 — 


7 


12 


A9 — 


8 


II 


vss- 


9 


10 



92CS- 34787 



-CLOCK 

-CEI 

-CE2 

-CE5 

-CE4 

-CS 

-All 



92CS-3079eRl 



Fig. 1 - CDP1B66 used as a high-order address latch decoder. 



TERMINAL DIAGRAM 
CDP1867 



286 



1800-Series Peripherals 



CDP1866, CDP1866C, CDP1867, CDP1867C, CDP1868, CDP1868C 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range. 

For maximum reliability, operating conditions should be selected so that operation is always within the 

following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1866, CDP1867, 
CDP1868 


CDP1866C, CDP1867C, 
CDP1868C 


Min. 


Max. 


Min. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS at Ta 


= -40 to +85° C, 


Vdd ± 5%, Except as noted 






CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


CDP1866, CDP1867, 
CDP1868 


CDP1866C, CDP1867C, 
CDP1868C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 

Current Idd 


— 


0,5 
0,10 


5 
10 


— 


1 
10 


10 
100 


— 


5 


50 


/iA 


Output Low Drive 

(Sink) Current Iql 


0.4 
0.5 


0,5 
0,10 


5 
10 


1.6 
2.6 


3.2 
5.2 


— 


1.6 


3.2 





mA 


Output High Drive 

(Source) Current Ioh 


4.6 
9.5 


0,5 
0,10 


5 
10 


-1.15 
-2.6 


-2.3 
-5.2 


— 


-1.15 


-2.3 


— 


Output Voltage 

Low-Level Vout 


— 


0,5 
0,10 


5 
10 









0.1 
0.1 








0.1 


V 


Output Voltage 

High-Level Voh* 


— 


0,5 
0,10 


5 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— 


Input Low Voltage V,l 


0.5,4.5 
0.5,9.5 


— 


5 
10 


— 


— 


1.5 
3 


— 


— 


1.5 


Input High Voltage Vih 


0.5,4.5 
0.5,9.5 


— 


5 
10 


3.5 

7 


— 


— 


3.5 


— 


— 


Input Leakage Current Iin 


Any 
Input 


0,5 
0,10 


5 
10 


— 


— 


±1 

±2 


— 





±1 


ma 


Input Capacitance Cin 


— 


— 


— 


— 


5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance Cout 


— 


— 


— 


— 


10 


15 


— 


10 


15 


Operating Device 

Current Iddia 


0,5 
0,10 


0,5 
0,10 


5 
10 


— 


50 
150 


100 
300 


— 


50 


100 


M 


Minimum Data 

Retention Voltage Vdr 


Vdd = Vdr 


- 


2 


2.4 


- 


2 


2.4 


V 


Data Retention 

Current Idr 


Vdd = 2.4 V 


- 


0.01 


1 


- 


0.5 


5 


M 



I 



*Typical values are for Ta = 25° C. 
AOperating current is measured at 
frequencies for CDP1802A system 



tloL = Ioh = 1 /iA. 
200 kHz for Vdd = 5 V and 400 kHz for Vdd = 10 V, with open outputs (worst-case 
operating at maximum speed of 3.2 MHz). 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 
(Voltage referenced to Vss Terminal) 

CDP1866, CDP1867, CDP1868 -0.6 to 11 V 

CDP1866C, CDP1867C, CDP1868C -0.5 to 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.6 to Vdd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60*'C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85*'C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125*' C (PACKAGE TYPE D) Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 40 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125*'C 

PACKAGE TYPE E -66 to +150*'C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +160°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



MAO ©~ 





MA3 0- 
CLOCK @ [>— 

MWR© C^-J"^"^ 

CEI® 1>- 



{>— <Da9 

O ®M0 

{> ® All 



CE2(3) o|^ 

CE3(@) o[> 



(D 

vss=(D 



92CS-3097I 

Fig. 2 - Functional diagram for the CDP1866. 

MAO © '^ p" 



fI5@ {> ^I> 

CE3 0— <0 

CE4(I| 



-O-Hgics 




^SS'VS' 92CS-30970R2 

Fig. 3 - Functional diagram for the CDP1867. 

-0 ©A8 

{> (DA9 

{> — (3Dcso 
{>— (DcsT 



CLOCK (g> 



CE3@ o[> 



Vdd=® 

'88=® 



92 CS- 30969 

Fig. 4 - Functional diagram for the CDP1868. 
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TRUTH TABLES FOR THE CDP1866 AND CDP1868 



INPUTS 


OUTPUTS 


MRD 

or 
MWR 


CE1 


CE2 


CE3 


CLK 


MA2 


MA3 


CSO 


CS1 


CS2 


CS3 










o 


1 


O 


o 





1 


1 


1 





' 








1 


1 





1 


o 


1 


1 


0* 










1 


o 


1 


1 


1 


0* 


1 













1 


1 


1 


1 


1 


1 


o 
















X 


X 




PREVIOUS STATE 




X 


X 


X 


1 


X 


X 


X 


1 


1 


1 


1 


X 


X 


1 


X 


X 


X 


X 


1 


1 


1 


1 


X 





X 


X 


X 


X 


X 


1 


1 


1 


1 


1 


X 


X 


X 


X 


X 


X 


1 


1 


1 


1 



*ln the CDP1868, CS2 will be valid (CS2=0) only if MRW is low, regardlejss of the polarity of MRD. 



INPUTS 


OUTPUTS 


CLK 


MAO 


MAI 


AS 


A9 


1 


O 


O 








1 
1 




1 


1 

o 

1 




1 

! 


1 



1 



1 

X 


1 

X 


i 1 

PREVIOUS STATE 



MRD 




MRD 


MWR 






or 






MWR 








1 




1 
1 


1 


1 


1 
1 




I 



CDPI800 

SERIES 

CPU 



CLK MWR 
CSO 



CEI 
C!E2 
CE3 



MRD C 
D 
P 

MAO I 

MAI I 
MAE 6 
MA3 



CSI CS2 CS3 




GDP 1825 
IK X4 
RAM 
-H MAS 
MA9 



__ 


- 














z 

r-0 


WE 
CS 

CDPI825 
IKX4 
RAM 

MAS 

MA9 


c 






> 

























ADDRESS BUS 0-7 



92CM-30968RI 



Fig. 5 - 4096-word by 8-bit random-access memory system using the CDP1866. 
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-aaaHH 

-aaaHH 
-aaaHH 




92CM- 31865 







CHIP SELECT 


ADDRESS 


CSO 


0000- 03 FF 


CS1 


0400- 07 FF 


CS2 


0800- OB FF 


CS3 


OCOO-OFFF 



Fig. 6 - Typical color display system using the CDP1868. 



The CDP1 868 can be used in a color display system to write 
to the refresh RAM and the color map RAM at different 
address locations, as shown in Fig. 9. Both the refresh RAM 
and the color map RAM are read from the same address. 
The purpose of reading from the same address is that when 
a byte of data from the refresh RAM is sent to the video 
display controller (CDP1861), an additional 3 bits of color 
information are needed from the color map RAM for the 
color generator (CDP1 862). In Fig. 9, the bit display data are 
written into the refresh RAM at OOOO-OOFF. The color dis- 
play data are written into the color map RAM at locations 
0800-08FF. Both are read at locations OOOO-OOFF. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, t„ tf = 20 ns, 
ViH = 0.7 Vdd. Vil = 0.3 Vdd, Cl = 100 pF. See Fig. 8 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1866 


CDP1866C 


Min. 


Typ.« 


Max.A 


Min. 


Typ.« 


Max.A 


Minimum Setup Time, 
iS/iemory Address to CLOCK, 


tMACL 


5 
10 


I 


50 
25 


75 
40 


— 


50 


75 


ns 


Minimum Hold Time, 

Memory Address After CLOCK, 


tcLMA 


5 
10 




50 
25 


75 
40 





50 


75 


Minimum CLOCK Pulse Width 


tcLCL 


5 
10 


— 


50 
25 


75 
40 


I 


50 


75 


Propagation Delay Times: 
Chip Enable to 
Chip Select, 


tcECS 


5 
10 


- 


150 
75 


225 
125 


- 


150 


225 


MRD or MRW to 
Chip Select, 


tMCS 


5 
10 


I 


125 
65 


200 
125 


I 


125 


200 


CLOCK to 
Chip Select, 


tcLCS 


5 
10 


— 


175 
90 


275 
150 





175 


275 


CLOCK to Address, 


tcLA 


5 
10 




125 
65 


200 
125 





125 


200 


Memory Address to 
Chip Select, 


tMACS 


5 
10 


I 


150 
75 


225 
125 


I 


150 


225 


Memory Address to 
Address, 


tMAA 


5 
10 


— 


80 
40 


1^5 
60 


I 


80 


125 



•Typical values are for Ta = 25° 0. 

AMaximum limits of minimum characteristics are the values above which all devices function. 



I 



CEI,CE2,CE3 



CSC, CSI,CS2,CS3 



X 



VALID CHIP ENABLES 



tCECS 



(a) CHIP ENABLE TO CHIP SELECT PROP. DELAY 



X 



jtCECS 

I I 



MRD + MRW'' 



CSO. CSI, CS2,CS3 



tMCS 



X 



(b) MRD + MRW TO CHIP SELECT PROP. DELAY 



1 tMCS 



T 



ZIX 



I *MACL_ i tcLMA 
H M h* 



i~L 



tCLCL- 



CS0,CSi,CS2,CS3 



-i tc 



X 



DC 



(c) MEMORY ADDRESS SETU? J^ND' HOLD TIME 
^ SEE TRUTH TABLE FOR MRD 8 MRW 



x — x 



x: 



K iC 



92CM- 31868 



Fig. 8 - CDP1866 timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, t„ t, = 20 ns, 
ViH = 0.7 Vdd. Vil = 0.3 Vdo, Cl = 100 pF. See Fig. 9 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1867 


CDP1867C 


MIn. 


Typ.» 


Max.A 


Min. 


Typ.» 


Max.A 


Minimum Setup Time. 

Memory Address to CLOCK, tMACL 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


ns 


Minimum Hold Time, 

Memory Address After CLOCK, tcLMA 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


Minimum CLOCK Pulse Width 

tcLCL 


5 
10 





50 
25 


75 
40 


I 


50 


75 


Propagation Delay Times: 


5 
10 


- 


100 
50 


150 
75 


- 


100 


150 


Chip Enable to 

Chip Select, tcEcs 


MRDorMRWto 

Chip Select, tMcs 


5 
10 




80 
40 


125 
60 


I 


80 


125 


CLOCK to Address, 

tcLA 


5 
10 




125 
65 


200 
100 


I 


125 


200 


Memory Address to 

Address, tMAA 


5 
10 


- 


75 
40 


125 
60 


- 


75 


125 



•Typical values are for Ta = 25° and nominal Vdd- 

AMaximum limits of minimum characteristics are the values above which all devices function. 



CEI, CE2, 
CE3. CE4 



I 



1 *CECS[- 



(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY TIME 



^MCS 



(b) MEMORY READ OR WRITE TO CHIP SELECT PROPAGATION DELAY TIME 



X 



XZZIX 



r~ tMACL i*~ tCLMA" 




*] ^MAA I*- K-tMAA-*1 

z^ r — 1C 



(c) MEMORY ADDRESS SETUP AND HOLD TIME 



92CM-3I867 



Fig. 9 - CDP1867 timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, tr, tf = 20 ns, 
V,H = 0.7 Vdd. Vil = 0.3 Vdd, Cl = 100 pF. See Fig. 10 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1868 


CDP1868C 


Min. 


Typ.« 


Max.A 


Min. 


Typ.« 


Max.A 


Minimum Setup Times: 
Chip Enable to 
CLOCK, tcECL 


5 
10 


_ 


50 
25 


75 
40 


- 


50 


75 


ns 


Memory Address 

to CLOCK, tMACL 


5 
10 





50 
25 


75 
40 


I 


50 


75 


Minimum Hold Times: 
Chip Enable After 
CLOCK. tcLCE 


5 
10 


- 


50 
25 


75 
40 


- 


50 


75 


Memory Address After 

CLOCK, tcLMA 


5 
10 


— 


50 
25 


7S 
40 


— 


50 


75 


Minimum CLOCK Pulse Width, 

tcLCL 


5 
10 


— 


50 
25 


75 
40 


— 


50 


75 


Propagation Delay Times: 
CLOCK to 
Chip Select, tcLcs 


5 
10 


- 


175 
90 


275 
150 


- 


175 


275 


Chip Enable to 

Chip Select, tcecs 


^ 5 
10 


: 


150 
75 


225 
125 





150 


225 


Chip Enable 3 to 

Chip Select, tcacs 


5 
10 


I 


150 
75 


225 
125 





150 


225 


MRDorMRWto 

Chip Select, twcs 


5 
10 


I 


125 
65 


200 
100 




125 


200 


CLOCK to Address, 

tcLA 


5 
10 





125 
65 


200 
100 


— 


125 


200 


Memory Address to 

Chip Select, tMAcs 


5 
10 





125 
65 


200 
100 


— 


125 


200 


Memory Address to 

Address, tMAA 


5 
10 


_ 


80 
40 


120 
60 


— 


60 


120 



I 



•Typical values are for Ta = 25° C and nominal. 

AMaximum limits of minimum characteristics are the values above which all devices function. 



CEl, CE2 


V 


^ 




X 




X 
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:|«^ 


1 1 






-l' )-'cLCS -, 






CS0-CS4 




t !! 






X 


X 






(W CEl, CE2 TO CHIP SELECT PROP DELA 








CEJ 




\ 


/ 


r' 


SCS 










CS0-CS4 


*t 


\ 




















(B) CE3 TO CHIP SELECT PROP DEL 




MRD1-MRW 


( 






\ 








[Jmcs , 




CS0-CS4 




' ( 








_J 














MA0-MA3 


X 


X ;; X 






X 




-^£^..(. >llcLMA 






- 


MAC- 


^ 


; 1 






-^^^T^s^^ 








T X !! 






X 


! X 








^.^ 


'ma 






AB-A9 




y !: 






X 


X 



tC55 WILL BE VALID (C55»0 



Fig. 10 - CDP1868 timing waveforms. 
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92-100 
(2.337-2.540) 



4-10 
(0.102-0.254) 

, 82-90 , 

(2.083-2.286) 

92CM- 33347 

Dimensions and pad layout for CDP1866CH. 




Dimensions and pad layout for CDP1867CH. 



4-10 
(0.102-0.254) 

82-90 
(2.083-2.286) 




92CM-33349 



Dimensions and pad layout for CDP1868CH. 



Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10~^ inch). 



The photographs and dimensions of each CMOS chip represent a 
chip when it is part of the wafer. When the wafer is cut into chips, 
the cleavage angles are 57° instead of 90° with respect to the face 
of the chip. Therefore, the isolated chip is actually 7 mils (0. 1 7 mm) 
larger in both dimensions. 
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COS/MOS 

Video Interface System 



Features: 

m CMOS technology (C^L) 

m Directly interfaces witli CDP1800 
series microprocessors 

■ DOT frequency = 5.67 MIHz 

(PAL = 5.626 MHz). Produces max- 
imum feasible resolution for RF 
(antenna) input 

m CPU clock independent (V2 DOT rate 
provided) 

m CPU not involved in screen refresh 





. — ^ — 




TPB 


2 39 




iSwS 


4 37 


CMSEL* 




5 36 






« 55 
































PMA5 






















,5 26 




*H^y!j; 


16 25 




-OlSPLAV 






luiBiTBj 


18 23 


■ CMAI 








^SS 


20 2, 






TOP VIEW 






GENERATOR 


CDP1869, CDP1869C 


TERMINAL ASSIGNMENT 



The RCA-CDP1869and CDP1870 video In- 
terface system is designed for use in 
CDP1800-Serles Microprocessor systems. 
It consists of the CDP1869C address and 
sound generator and the CDP1870C color 
video generator. These two LSI COS/MOS 
circuits interface directly with the 
CDP1802 or CDP1804 to simplify control 
and minimize external components. (See 
Fig. 1.) 

The VIS offers a variety of formats for the 
display and modification of data under 
software control, with either NTSCor PAL 
compatible output signals. The display 
device can be a video monitor or a stan- 
dard TV receiver with an RF modulator. 
Composite sync, luminance, and 
chrominance are combined externally to 
form a single system-output. (With the 
RGB Bond-Out option (CDP1876), Red, 
Green, and Blue outputs are provided to 
drive the CRT color amplifiers directly.) 
External sync inputs are also provided to 
allow picture overlays in existing TV 
chassis. 

A sound output provides white noise and 
eight octaves of programmable tones. 
The output amplitude is variable in 16 
steps from Vto 0.78 Vpo- This output Is 
particularly useful In video game applica- 
tions. 

The CPU is clock independent of the VIS 
and is not involved in screen refresh, 
although a CPU clock output (V2 DOT rate) 
is provided. At this clock rate 787 instruc- 
tions (1080 for PAL) ca n be executed dur- 
ing non-display time. PREDISPLAY pro- 
vides synchronization between the CPU 



Produces extremely low chip-count 
systems for games and/or 
"intelligent" terminals 
Graphics and motion through 
character selection or bit map in 
character memory 
Up to 256 different characters 
Character memory may be any com- 
bination of ROM or RAM, allowing 
modification of characters and 
graphics 

Programmable for 24 rows x 40 
char/row or 12 rows x 20 char /row 
6 X 8or6 X 16 char, matrix (6x9 
for PAL) 

Character generation approach 
minimizes memory 
PAL and NTSC compatible 
Page memory is accessed as exten- 
sion of CPU memory during non- 
display time 



I 



PREDISPLAY 


--^^-^ 


Vdo 


^DISPLAY 


2 39 


PAL/RT5E 


CCB,~ 


3 38 

4 J7 


ZIxtal'cooti 


BUS7 


S 36 




CC60 




A0CST8* 






MRD 


C085 






BUSS 




CMSEL* 








BUSI 


II 30 


H SYNC* 






COMPSYNC 


BUS3 




tUM IREW* 


CDe2 




PALCHROM (8LUCI4 












XTAL (CHROM) 








CDBO 


18 23 


EHS 






EVS 


^ss — 


20 21 


N=3» 




Co'^OR ^v'foEO "*"'" °^'' '"''"°" 




* INTERCHIP CONNECTIONS 


S2CS- 3258001 


CDP1870, CDP1870C 


CDP1876, CDP1d76C 


TERMINAL ASSIGNMENT 
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Features: (cont'd) 

m Composite sync, composite 

luminance, and composite 

chrominance outputs 
m Programmable background color 
m Programmable color format control 

allowing several modes for high 

resolution color 
m Hardware scroll capability 
m A udlo genera tor (5 76 s electable 

tones covering 8 octaves) and white 

noike generator. 



Both tones and white noise can be 
enveloped from to 0.78 Vdd in 16 
steps 

External horizontal and vertical sync 
Inputs- allow for Integration into ex- 
isting chassis for character-on- 
pi cture overlays 
Teletext compatible format 
RGB bond-out option available 
(CDP1876) 



and the VIS. The system configurations 
for the CDP1869/CDP1870 VIS are ainnost 
unlimited due to: 

PAGE MEMORY 

■ 20 Characters x 12 Lines- 
Requires 240 Bytes of RAM 

■ 40 Characters x 24 Lines— 
Requires 960 Bytes of RAM 

Character Memory— Can be RAM or 
ROM 

■ 32 Different (or any Combination 
of) Characters— Requires 256 
Bytes (NTSC) 

■ 64 Different Characters— Re- 
quires 512 Bytes (NTSC) 

■ 128 Different Characters— Re- 
quires 1024 Bytes (NTSC) 

■ 256 Different Characters— Re- 
quires 2048 Bytes (NTSC) 

Character memory requirements for PAL 
are the same as NTSC in most 
alphanumeric applications, but are 12.5% 
higher for graphics applications due to 
the larger character matrix (6x9) used for 
PAL. 

The CDP1869 and CDP1869C are func- 
tionally identical. They differ in that the 
CDP1869 has an operating voltage range 
of 4 to 10.5 volts and the CDP1869C has 
an operating voltage range of 4 to 6.5 
volts. The CDP1870 differs from the 



CDP1870C in the same manner. All are 
supplied in 40-lead hermetic dual-in-line 
ceramic packages (D suffix) and in 
40-lead dual-in-line plastic packages (E 
suffix). 

Color 

Color information may be stored in the 
two extra bits in each character byte 
(characters are only six dots wide), pro- 
viding a choice of one of four colors for 
each character. With 128 different 
characters, only seven bits are required in 
the page memory and the eighth bit ex- 
pands color to eight colors. 

Graphics and Motion 

Graphics and motion may be ac- 
complished with two basic techniques. 
The first is by character selection. In this 
approach the desired graphics and 
motion symbols are stored in ROM or 
RAM. In a system where the character 
memory is al! ROM, all the possible re- 
quired positions within a character space 
are stored In the ROM. Graphics and mo- 
tion are accomplished by selecting the 
appropriate one for each screen position. 
If the character memory is RAM then not 
all combinations need be stored in the 
character memory since they can be 
modified as required during operation. 

The second technique is used for more 
sophisticated motion. In this technique a 
block of characters in the RAM character 
memory Is treated as a continuous sur- 



MAXIMUM RATINGS, Absolute-l^aximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP1869, CDP1870, CDP1876 —0.5 to -H 11 V 

CDP1869C, CDP1870C, CDP1876G -O.Sto +7 V 

INPUTVOLTAGE RANGE, ALL INPUTS -O.Sto VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40to +60»C (PACKAGE TYPE E) 500mW 

ForTA = +60to ^-SS^C (PACKAGE TYPE E) Derate Linearly at 12 mW/»C to 200m W 

For Ta = -55 to + lOCC (PACKAGE TYPE D) 500mW 

ForTA = +100to 125°C (PACKAGE TYPE D) Derate Linearly at 12mW/»Cto200mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) lOOmW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGETYPE D -56to + 126»C 

PACKAGETYPE E — 40to -»-86«C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150«C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max.. +266°C 
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face. These characters are placed in adja- 
cent locations on the screen to provide a 
background. The object is moved through 
this background using a bit map ap- 
proach. As the object approaches the 
"edge" of the characters as selected on 
the screen, the background is moved. For 
example, if the object approaches the 



edge of the last background character on 
the left, then the background characters 
on the right are moved to the left side via 
the page memory. Thus as the object 
moves through these background 
characters (as a continuous surface) it 
moves across the screen. 



RECOMMENDED CONDITIONS at Ta = 25»C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so 
that operation Is always within the following ranges: 



CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


CDP1869 
CDP1870 


CDP1869C 
CDP1870C 


MIn. 


Max. 


Min. 


Max. 


Supply-Voltage Range (At Ta = Full Package- 
Temperature Range) 


— 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


— 


vss 


Vdd 


Vss 


Vdd 


V 


Input Signal Rise or Fall Time, tr, tf 


5 
10 


— 


5 
5 


— 


5 


MS 


Clock Input Frequency, fcL 


5,10 


7.15909(8.867236-PAL) 


MHz 



STATIC CHARACTERISTICS at Ta = 


= -40 to +85»C, 


Except as noted 




CHARACTERISTIC 


CONDITIONS 1 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP1869 
CDP1870 


CDP1869C 
CDP1870C 


Min. 


Typ.* 


Max. 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, II 




0,5 


5 


__ 


100 


500 


— 


100 


500 


mA 




0,10 


10 


— 


200 


1000 


— 


— 


— 


Output Low Drive 
(Sink) Current, Iql 


0.4 


0,5 


5 


2 


2.4 


^ 


2 


2.4 


_ 


mA 


(Except XTAL) 


0.5 


0,10 


10 


4 


4.8 


— 


_- 


— 


— 


XTAL Gutput.loL 


0.4 


5 


5 


75 


150 


— 


75 


150 


— 


mA 


0.5 


10 


10 


150 


300 


__ 


— 


— 


— 


Output High Drive 
(Source) Current, 
'OH 


4.6 


0,5 


5 


-1.6 


-1.8 




-1.6 


-1.8 




mA 


9.5 


0,10 


10 


-3.2 


-3.6 


_ 





__ 





(Except XTAL) 


XTAL Output, 
lOH 


4.6 





6 


-38 


—75 


— 


—38 


-75 


— 


mA 


9.5 





10 


—75 


-150 


— 


— 


_ 


— 


Output Voltage 
Low-Level, Vql 


— 


0,5 


5 


— 





0.05 


— 





0.05 


V 


— . 


0,10 


10 


— 





0.05 


— . 


— 


— 


Output Voltage 
High Level, VoH 


— . 


0,5 


5 


4.95 


5 


— 


4.95 


5 


— 


— 


0,10 


10 


9.95 


10 


^ 


— 


— 


— 


Input Low Voltage, 
V|L 


0.5, 4.5 


— 


5 


— 


— 


1.5 


— 


— 


1.5 


V 


1.9 


— 


10 


— 


— . 


3 


— 


— 


— 


Input High Voltage, 
V|H 


0.5, 4.5 


— 


5 


3.5 


— 


— . 


3.5 


— 


— 


1,9 


-_. 


10 


7 


— 


— 


— 


_ 


-- 


Input Leakage 
Current, l||s| 


Any 
Input 


0,5 


5 


— 


±0.1 


±1 


— 


±0.1 


±1 


mA 


0,10 


10 


— 


±0.1 


±1 


— 


— 


— 


3-State Output 
Leakage Current, 
'OUT 


0,5 


0,5 


5 


^ 


±0.2 


±2 


^ 


±0.2 


±2 


mA 


0.10 


0,10 


10 


— 


±0.2 


±0.2 


— 


- 


— 



* Typical values are for T^ = 25*>C. 
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nt Map Opwation 

The ViS may be used to display data In 
a bit map format, offering a high resoiu- 
tion dispiay (up to 46,080 pixeis) with up 
to 7,680 color bioci<s (8 colors). In this 
mode, the character memory addresses 
and the page memory addresses are used 
to address the bit map memory. X-Y coor- 
dinates are located by Implementing the 
appropriate software. 

RQB Bond-Out Option (CDP1876) - The 

CDP1870 and CDP1870C may be ordered 
with an alternate pin-out to provide direct 
drive to the Internal TV chassis red, blue, 
and green amplifiers. For the CDP1876, 
the LUM, PAL CHROM, and NTSC 
CHROM outputs become the RED, BLUE, 
and GREEN outputs, respectively. 

In the RGB mode of operation, the RF 
and IF color demodulator circuits of the 
TV chassis are bypassed and the com- 
posite sync, video, and color information 
are supplied directly to the appropriate 
chassis sections. Since no color sub- 
carrier is used, the CI-IROM crystal is not 
needed, although the XTAL CHROM input 
must be terminated (Fig. IB). The 
CDP1876, RGB Bond-Out option, offers 
higher color resolution and simpler inter- 
facing than the CDP1870, CDP1870C com- 
posite interface systems when used with 
direct Internal TV chassis systems. 

OPERATION 

CDP1869— Address and Sound Generator 

This circuit formats and controls sound, 
page-memory addressing, and character- 
memory addressing. This is accom- 
plished by software instructions, data 
from the CPU, and hardware Interaction 
with the CDP1870 timing signals. Control 
and multiplexing is determined by inter- 



nal registers, which are loaded by four 
CPU I/O Instructions. Data to the com- 
mand registers are loaded from the 8 
multiplexed address Inputs (MAO/8- 
MA7/15). The high-order byte (MA8-MA15) 
Is latched by the high to-low transition of 
TPA, to provide up to 16 Internal data bits. 
The I/O instruction data are latched by the 
high-to-iow transition of TPB (Fig. 2). 

OUT 4 Instruction — This Instruction uses 
15 data bits(MA0-MA14) to control the 
tone output function. (Bit 15 Is unused, 
but must be latched as a low). Bits MAO- 
MAS control the tone output amplitude 
using an on-chip binary R/2R ladder net- 
work to produce a varying output 
amplitude in 16 steps. Bits MA4-MA6 con- 
trol the tone output frequency range. 
Eight octaves are available (TABLE 1). 
Within each range the input frequency Is 
divided by the N -i- 1 value on bits MAS- 
MAI 4, producing up to 128 different fre- 
quencies. The divided output Is a square- 
wave signal gated on or off by bit MA7. A 
high on MA7 turns the tone output off. If 
both the tone and white noise are turned 
off, the sound output impedance Is equal 
to 2.5R. 

OUT 5 Instruction—This Instruction uses 
13 data bits. (Bits MAI, MA2, and MA4 are 
unused and need not be programmed). 
The higher-order byte (MA8-MA15) is used 
to control the white noise output function. 
Bits MA8-MA11 control the white noise 
output amplitude using an on-chip binary 
R/2R ladder network to provide a varying 
output amplitude in 16 steps. Bits MA12- 
MA14 control the white noise output fre- 
quency range. Eight ranges are available 
(TABLE 2). The white noise output Is 
gated on or off by bit MAI 5. The result Is 




Fig. 1 A— System diagram using CDP1869 and CDP1870 (Composite Outputs). 
See Fig. 1B using C DPI 876 (RGB Bond-Out Option Outputs). 
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an explosion-type sound effect useful In 
TV game systems. A high on MA15 turns 
the white noise output off. if lx)th the tone 
and white noise are on, a combined 
amplitude and frequency output results. 

The lower-order byte (MA0-MA7) provides 
screen format control. The CM EM AC- 
CESS MODE Bit (MAO) Is used In conjunc- 
tion with the OUT 6 Instruction to control 
the character memory READ/WRITE func- 
tions. A high on MAO enables the 
character iaccess mode. 



The 9-LINE bit (MA3) is used to select 
either 8-line or 9-iine character matrix 
operation. A low on MA3 selects 9-line 
operation, which is normally used with 
PAL compatible signal timing (TABLE 7). 
The 16-LINE HI-RES bit (MAS) is used to 
define the vertical resolution of each 
character by selective control of the 
CMA3/PMA10 output. A low on MAS 
defines each character as a 6x8 dot 
matrix and PMA10 Is available to extend 
the page memory addressing. A high on 
MAS defines each character as a 6x16 dot 
matrix by using CMA3 to extend the 
character memory line addressing. Each 
of the 16 character matrix lines may con- 
tain different data. The 16-LINE HI-RES bit 
(MAS) must be low if the DOUBLE-PAGE 
bit (MA6) is high. (During PAL operation, 
where each character is normally a 6x9 
dot matrix, the 16-LINE HI-RES mode is 
not available and MAS should be pro- 
grammed low). 



PREDI SPLAY 



DISPLAY 



ADDSTB 



H SYNC 



XTAL 

CDPI876 

COLOR 

VIDEO 

GEN. 

xTaL 

XTAL 
CHROM 

XTAL 



RED 

BLUE 

GREEN 
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Fig. IB— System diagram (same as that shown 
in Fig. lA) using CDP1876 (RGB Bond- 
Out Option). 



The DOUBLE-PAGE bit (MA6) is used to 
select the function of the CMA3/PMA10 
output. A low on MA6 selects the single- 
page mode, In which the maximum page 
memory size is limited to 960 bytes. The 
VIS will normally do a roll screen opera- 
tion when the end of the display page is 
reached. In the single-page mode, the 
CMA3/PMA10 output is available as 
CMA3 to expand the character-memory if 
the 16-line HI-RES bit Is high. A high on 
MA6 selects the double-page mode, in 
this mode, the CMA3/PMA10 output func- 
tions as PMA10 to expand the page- 
memory addressing to 1920 bytes. At the 
end of the first page a scroll automatic- 
ally occurs. The next row entered is 
displayed at the bottom of the screen, 
with the previous page shifted up one 
row. The old top row is no longer 
displayed, but Is still in memory. 

In PAL systems, the double-page function 
Is normally useful only for alphanumeric 
applications, since the CMA3 bit is not 
available for addressing the character- 
memory. 

The FRES VERT bit (MA7) controls the full 
screen vertical resolution of the display. A 
low on MA7 sets the maximum resolution 
to 12 rows of characters. A high on MA7 
sets the maximum resolution of 24 rows 
of characters. 

All valid display format combinations are 
shown in TABLE 8, along with the page 
and character-memory requirements. Fig. 
7 shows the relative character matrix 
sizes. 

OUT 6 Instruction— This instruction uses 
11 data bits (MAO-MAIO)to load the page- 
memory address-register bits (PMAO- 
PMA10). If the CMEM ACCESS MODE is 
set (high), the page-memory address data 
are latched to provide character selection 
during a character-memory READ/WRITE 
operation. If the DOUBLE-PAGE bit is not 
set (low), PMA10 Is not used and does not 
have to be programmed. 

if the CMEM ACESS MODE is not set 
(low), the 8 multiplexed inputs (MAO/8- 
MA7/15) are multiplexed to the page- 
memory address outputs (PMA0-PMA10) 
and the page-memory functions as an ex- 
tension of the CPU memory. When the 
page-m emory is selected (F800-FFFF), the 
PMWR outpu t and th e PMSEL output are 
enabled. The PMWR output is connected 
to the WRITE Input of the page-memory. 
When using memories with a common 
READ/WRITE input (RCA MWS5114), the 
PMSEL output is connected to the select 
input of the data-bus buffer/separator 
(Fig. 1). 

When the character-memory is selected 
(F400-F7FF), the 8 multiplexed Inputs 
(MA0/8-MA7/15) are multiplexed to the 
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OUT 6 Instruction (cont'd) 



Qharacter-memory addr ess out- 
puts (CMA0-CMA3), and the CM WR and 
CMSEL outputs are enabled. The CMWR 
output is connected to the WRITE input of 
the character-memory. The CMSEL output 
Is connected to the CMSEL input of the 
CDP1870C to provide data bus multi- 
plexing. If the DOUBLE-PAGE bit is set 
(high), CMA3 is not used and bit MA3 does 
not have to be programmed. 

Out 7 Instruction— This instruction uses 9 
data bits (MA2-MA10) to load the home 
address register bits (HMA2-HMA10). The 
home address determines which row of 
characters, from the page-memory, is 
displayed starting at the top left-hand cor- 
ner of the screen. In the FULL RES HORZ 
MODE (CDP1870), the home address must 
be an even multiple of 40. In the HALF 
RES HORZ MODE (CDP1870), the home 
address must be an even multiple of 20. 
Therefore, the HMAO and HMA1 bits are 
not used and do not have to be pro- 
grammed. 

After the last row of characters has been 
displayed, the home address is reloaded 
into the page-memory address counter to 
begin the next display frame. When final 
page memory address count (maximum 
page-memory size in TABLE 8) is reached 
prior to the end of the display, zero is 
loaded into the address counter. Chang- 
ing the home address can be used to 
scroll through the page-memory. In the 
double-page mode, row zero will scroll on 
to the screen after the final row, as 
described above. 

CDP1870— Color Video Generator 

This circuit formats and controls the TV 
sync, video, and color information. It also 
provides synchronization timing to the 
CDP1869 and the CPU. The character- 
memory data I/O lines are multiplexed 
through the CDP1870 to the CPU 8-bit 
bidirectional data bus. This is ac- 
complished by software instructions, 
data from the CPU, and hardware interac- 
tion with the CDP1869 timing signals. 
Control and miritlplexing is determined by 
a single Internal command register, which 
is loaded by a CPU I/O instruction. Data to 
the command register are loaded from the 
8-blt bidirectional data bus, which is 
latched by th e high -to-low t ransi tion of 
TPB when the MRD and the W^ inputs 
are at a logic (Fig. 3). 

OUT 3 Instruction— This instruction uses 
8 data bits to control the Internal format 
and timing functions. The BKG GREEN, 
BKG BLUE, BKG RED bits (BUS0-BUS2) 
provide a binary selection of eight screen 
background colors, as shown in TABLE 5. 
The CFC bit (BUS 3) selects the color for- 
mat control function (TABLE 4). When the 
CFC bit is low, the background luminance 



and chrominance are selected by the BKG 
GREEN, BKG BLUE, and BKG RED control 
bits. The dot chrominance and luminance 
are selected by the CCBO, CCBI, and RGB 
inputs. Operation is the same when the 
CFC bit is high, except that the dot 
chrominance Is now selected by the BKG 
GREEN, BKG BLUE, and BKG RED control 
bits to provide a tone-on -tone color 
display. The DiSP OFF bit (BUS 4) is used 
to turn the screen display off. When the 
DISP-OFF bit Is high, the PAL CHROM, 
NTSC CHROM, and LUM output s are held 
at the backgro und color and t he ADDSTB, 
PREDISPlAy, and biSftLAY outp uts are 
held a t a high level. However, the COMP- 
STFiC, HSyRc, and CPUCLK outputs con- 
tinue to supply synchronization timing. 
This display-off condition allows the CPU 
to access the VIS, page memory, and 
character memory asynchronously. Any 
change in this bit is only recognized at the 
end of the frame. The COLBO and C0LB1 
bits (BUS 5, BUS 6) provide a binary selec- 
tion of 3 character-color control modes, 
as shown In TABLE 3. These 3 modes con- 
trol which color bit inputs (CCBO, CCB1, 
PCB) select a particular character color 
(TABLE 5). The FRES HORZ bit (BUS 7) 
controls the full screen horizontal resolu- 
tion of the display. A low of BUS 7 sets the 
maximum resolution to 20 characters per 
row. A high on BUS 7 sets the maximum 
resolution to 40 characters per row. Ail 
valid display format combinations are 
shown In TABLE 8. 

The CDP1870 uses two separate Input fre- 
quencies. On-chip oscillators are pro- 
vided, requiring only external crystal cir- 
cuits. One oscillator circuit provides the 
^o* clock fre quency, from which SYNC 
and ADDSTB timing is derived. The DOT 
frequency, divided by two, provides a CPU 
CLK output. The other oscillator circuit 
provides the color reference and 
chrominance frequencies. The NTSC 
CHROM, PALCHROM, and LUM outputs 
include on-chip summing resistors to 
reduce the external components r equired. 
The o utputs are connected to the COMP- 
SYNC output to provide a single video 
signal, which may be used to drive a video 
monitor directly or a standard TV receiver 
through an RF modulator circuit. 

(With the RGB Bond-Out option, CDP1876, 
the color crystal Is not used and the LUM, 
NTSC CHROM, and PAL CHROM become 
the RED, BLUE, and GREEN outputs, 
respectively.) 

The IVS and EHS Inputs may be used to 
sync the VIS from an existing TV chassis 
to provide picture overlay and teletext 
operations. The PAUNTSC Input Is used 
to select either European or U.S. Opera- 
tion (TABLE 6 and 7). 

The VIS does not provide for an external 
system reset. All command and format in- 
structions must be executed before pro- 
per operation In Initiated. 
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Fig. 2—CDP1869 and CDP1869C block diagram. 
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Fig. 3~CDP1870, CDP1870C, CDP1876, and CDP1876C block diagram. 
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FUNCTIONAL DESCRIPTION OF 
CDP1869 TERMINALS 

TPA(lnput): 

An active high pulse from the CPU that 
occurs once in each machine cycle. The 
trailing edge of TPA is used to latch the 
higher-order byte of the 16-blt memory ad- 
dress. TPA is also one of the frequency 
generator input ciocl^s. 

TPB (Input): 

An active high pulse from the CPU that 
occurs once in each machine cycle, 
following TPA. It Is used to latch the 
various internal command registers. TPB 
is also one of the frequency generator In- 
put ClOCi(S. 

MRD (Input): 

An active low pulse from the CPU, in- 
dicating a memory read cycle, it is used to 
provide various latch and control func- 
tions. 

MWR(lnput): 

An active low pulse from the CPU, appear- 
ing In a memory write cycle after the ad- 
dress lines have stabllzed. It is used to 
gate various latch and control functions. 

MA0/8-MA7/15 (Inputs): 

The 8 memory address lines. The higher- 
order byte of a 16-bit CDP1802 or 
CDP1804 memory address appears on the 
memory address lines MA0-MA7 first, and 
is latched by the high-to-low transition of 
TPA. These 8-lines serve a dual purpose. 
They can be used to provide direct ad- 
dress information to the page or 
character memories or they can be used 
to provide data to the command registers. 

NO to N2 (Inputs): 

These lines are used to issue command 
codes during an I/O instruction from the 
CPU. Their state is the same as the cor- 
responding bits in the CPU N register. The 
three N bits are internally decoded with 
MRD to provide various latch and control 
functions. 



HSYNC (Input): 

Active low horizontal sync signal from the 
CDP1870. This signal provides syn- 
chronization between the CDP1869 and 
the CDP1870 timing signals. 



DISPLAY (Input): 

Active low signal from the CDP1870 that 
indicates that a screen refresh Is in pro- 
gress. This signal provides synchroniza- 
tion between the CDP1869 and the 
CDP1870 timing signals. 



ADDSTB (Input): 

Active low pulses from a CDP1870 that 
provide page and char acter-mem ory ad- 
dress clocl< timing. ADDST B = DOT 
clock ^ 6 (40 character display). ADDSTB 
= DOTcloci< ^ 12 (20 character display). 
Only 40 or 20 pulses are generated per 
horizontal line, and no pulses occur dur- 
ing non-display time. 



SOUND (Output): 

This output provides two types of fre^ 
quency signals that can be selected 
either individually or in combination. The 
first type provides single frequency'tones 
in 8 selectable ranges, with 128 different 
tones in each range (TABLE 1). The se- 
cond type provides a white-noise output 
in 8 selectable ranges, with the white 
noise consisting of all 128 tones of each 
range (TABLE 2). Both tone and white- 
noise outputs are programmable from 
volts to 0.78 Vdd in 16 steps. 

Vss: 

Ground 

N^ (Output): 

Active low output from the internally 
decoded N bits that is normally con- 
nected to the CDP1870. It is used to select 
the CDP1870 command register. 

CMA0CMA2— CHARACTER-MEMORY 
ADDRESS (Outputs): 

The character memory address outputs. 
These three outputs function as 
character-line selects. During a screen 
refresh the address data are provided by 
an inter nal counter, which is controlled by 
HSYNC, to provide character information 
in one of eight formats (Fig. 7). During 
non-refresh periods the address data are 
provided by the MA0-MA2 inputs as an ex- 
tension of the CPU memory. 

CMA3/PMA10 (Output): 

This output signal serves a dual purpose. 
In the 16-LINE HI-RES character mode 
(command bit 5 = 1) this output rep- 
resents CMA3 and Its function is identical 
to the CMA0-CMA2 outputs. In the 9-LINE 
mode (command bit 3 = 0), this signal 
represents CMA3 in both the low-and 
high-resolution modes (command bit 
5 =0 or 1), and is used to select the ninth 
line of the character matrix. In the double- 
page mode (command bit6 = 1)thls out- 
put represents PI^AIO and its function Is 
identical to the PMA0-PMA9 outputs. 

PMA0-PMA9-PAGE-MEMORY 
ADDRESS (Outputs): 

These ten page-memory address outputs 
access the page-memory data (PMDO-6), 
7 bits of which are used to address the 
character memory. The spare bit (PCB) 
may be used to expand the color informa- 
tion. During a screen refresh the address 
data are provided by an interna l counter, 
which is controlled by ADDSTB to provide 
page-memory information in one of four 
formats (TABLE 8). During non-refresh 
periods the address data are provided by 
the MA0/8-MA9/15 inputs as an extension 
of the CPU memory. 

CMWR-CHARACTER-MEMORY WRITE 
(Output): 

CMWms an active low output signal that 
is connected to the WRITE Input of the 
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characte r mem ory. This output provides a 
delayed MWR pulse during non-display 
periods, when the character memory is 
selected by the MA10-MA15 inputs 
(F400-F7FF). 

CMSEL- CHARACTER-MEMORY 
SELECT (Output): 

CMSEL Is an active high output signal 
that Is connected to the CDP1870 CMSEL 
Input. This output provides a delayed 
positive pulse during non-display periods, 
when the character memory is selected 
by the M A 10-MA 15 inputs (F400-F7FF) 
and MRD or MWR is low. 
PMWR-PAGE-MEMORY 
WRITE (Output): 

PMWR is an active low output signal that 
Is connected to the WRITE input of the 
page memory. This output provides a 
delayed MWR pulse during non-display 
periods, when the page memory is 
selected by the MA11-MA15 inputs 
(F800-FFFF). 

PMSEL-PAQE-MEMORY 
SELECT (Output): 

PMSEL is an active high output signal 
that is connected to an external bus 
separator. This output provides a delayed 
positive chip-enable pulse during non- 
display periods, when the page memory Is 
selected by the MA1 1-MA1 5 inputs 
(F800-FFFF) and^MRD orTOTTFTls low. 

vdd 

Positive supply voltage. 

FUNCTIONAL DESCRIPTION OF 
CDP1870 TERMINALS 



PREDISPLAY (Output): 

An output signal that goes low one 
horizontal line before the start of the 
display field. This output may be con- 
nected to the CPU to provide advance 
warning of a refresh operation. 



DISPLAY (Output): 

An output signal that is low during the 
display field. This signal is connected to 
the CDP1869 to provide synchronization 
timing during a screen refresh. 

PCB-PAQE-MEMORY 
COLOR BIT (Input): 

The page-memory color bit expands the 
character color information to 3 bits (8 
colors). (Table 3) 

CCBO, CCB1— CHARACTER-MEMORY 
COLOR BITS (I/O): 

The character memory color bit Inputs 
provide character color data. These two 
inputs select one of four colors (Table 3) 
during screen refresh periods. When the 
CMSEL input Is high during non-display 
periods, CCBO and CCB1 are multiplexed 
to the CPU data bus (BUS 6, BUS 7) to pro- 
vide character memory READ/WRITE 
data. 



CDB0-CDB5-CHARACTER-MEMORY 
DATA BITS (I/O): 

The character-memory data bit Inputs pro- 
vide character data during screen refresh 
periods. When the CMSEL input Is high 
during non-display periods, CDB0-CDB5 
are multiplexed to the CPU data bus (BUS 
0-BUS 5) to provide character 
memoryREADAA/RITE data. 

BUS 0-BUS 7 (I/O): 

The 8-bit bidirectional data bus that is 
normally connected directly to the CPU. 
During non-display periods, these I/O 
lines serve a dual function. If the CMSEL 
input Is high, BUS 0-BUS 7 provide char- 
acter-memory READ/WRITE data. If the 
W^ input (OUT 3 instruction) Is low, BUS 
0-BUS 7 provide input data to the 
CDP1870 command register. These data 
are latched o n the high-to-low transition 
of TPB when MRD is low. 

VSS: 

Ground. 

FT^ (Input): 

An input signal from the CDP1869 that Is 
low during an OUT 3 instruction from the 
CPU. This input is used to select the 
CDP1870 command register. 

EVS, EHS-EXTERNAL VERTICAL 
SIGNAL, EXTERNAL HORIZONTAL 
SIGNAL (Inputs): 

The active low external vertical and 
horizontal sync signals synchronize the 
VIS to an external system. When not used, 
these inputs must be connected high. 



XTAL (Input), XTAL (Output)-CHROM 
COLOR CHROMINANCE CRYSTAL 

The color chrominance crystal inputs are 
normally connected to a 7.15909-MHz 
crystal (NTSC) or an 8.867236-MHz crystal 
(PAL) to provide a burst and color data in- 
put clocl^. The XTAL input may be con- 
nected to an external generator. (With the 
RGB Bond-Out option, CDP1876, the 
chrominance crystal is not required 
although the XTAL input must be ter- 
minated.) 

NTSC CHROM (Output): 

The United States Standard Color Video 
Signal (NTSC). This output provides a 
composite signal containing chro- 
minance information and 11 cycles of the 
color reference signal. (With the RGB 
Bond-Out option, CDP1876, this output 
provides the GREEN drive.) 

PAL CHROM (Output): 

The European standard color video signal 
(PAL). This output provides a composite 
signal containing chrominance informa- 
tion and 14 cycles of the color reference 
signal. (With the RGB Bond-Out option, 
CDP1876, this output provides the BLUE 
drive.) 
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LUM-LUMINANCE (Output): 

The luminance output signal provides 
video dot brightness Information. (With 
the RGB Bond-Out option, CDP1876, this 
output provides the RED drive.) 

COMPSYNC (Output): 

The composite TV synchronization signal 
provides negative pulses at the line 
(horizontal) and frame (vertical) rates. 

HSYNC (Output): 

The horizontal synchronization signal pro- 
vides an active low pulse at the TV line 
rate. It is connected to the CDP1869 to 
control timing synchronization. 

BURST (Outpk): 

This output provides a positive pulse 
following the horizontal sync pulse. It in- 
dicates when the color reference signal is 
being output, however It is not required 
for normal operation. 



CMSEL-CHARACTER-MEMORY 
SELECT (Input): 

The character-memory select input, from 
the CDP1869, Indicates a character- 
memory READ/WRITE operation. When 
CMSEL is high, the 8-bit bidirectional 
data bus from the CPU Is multiplexed to 
the CCBO, CCB1, and CDB0-CDB5 I/O 
lines to provide character-memory data. 
This input is active only during non- 
display periods. 

TPB (Input): 

An active high pulse from the CPU that 
occurs once in each machine cycle, 
following the TPA pulse. This Input pulse 
is used to latch the CDP1870 command 
register data o n the high- to-low transition, 
when the N =3 and MRD inputs are low. 



TABLE 1 TONE RANGE SELECT 



TONE 


TONE 


TONE 


INPUT 


CPU 


FREQ 


FREQ 


FREQ 


FREQUENCY 


CLK 


SEL2 


SEL1 


SELO 


(kHz) 


* 











5.5371093 


-^512 








1 


11.074218 


-^256 





1 





22.148437 


-^■128 





1 


1 


44.296875 


-^64 


1 








88.593750 


^32 


1 





1 


177.18750 


-^16 


1 


1 





354.37500 


^8 


1 


1 


1 


708.75000 


■^4 



' CPUCLK = 2.835 MHz 



TABLE 2 WHITE NOISE RANGE SELECT 



WN 


WN 


WN 


TOPOFRANGE 


CPU 


FREQ 


FRECi 


FREQ 


FREQUENCY 


CLK 


SEL2 


SEL1 


SELO 


(kHz) 


* 











0.69213867 


■^4096 








1 


1.3842773 


-^2048 





1 





2.7685546 


^1024 





1 


1 


5.5371093 


-^512 


1 








11.074218 


-5-256 


1 





1 


22.148437 


•4-128 


1 


1 





44.296875 


^64 


1 


1 


1 


88.593750 


-^32 



CPUCLK = 2.835 MHz 
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MRD-MEMORY READ (Input): 

An active low pulse from the CPU In- 
dicating a memory READ cycle. This 
signal enables the command register 
clock and selects the direction of data 
flow in the data bus multiplexer. When 
this signal is low, a CPU READ operation 
is In progress. 

ADDSTB-MEMORY ADDRESS 
STROBEJOutput): 

The ADDSTB output signal is connected 
to the CDP1869 to provide the page and 
character-memory address counter clock. 

XTAL (Input), ICfAL (Output)-i 
DOT CRYSTAL: 

The dot crystal Inputs are normally con- 
nected to a 5.67-MH2 crystal (NTSC) or a 
5.626-MH2 crystal (PAL) that is used to 
provide horizontal, vertical, and control 



timing. The XTAL input may be connected 
to an external generator. 

CPUCLK-CLOCK (Output): 

A clock output equal to Va the DOT fre- 
quency. It may be connected to the CPU 
CLOCK Input terminal. At this frequency, 
2947 instructions per frame are available, 
with 787 Instructions occurring during the 
non-display period. 

PAUNTSC (Input): 

This Input selects either PAL or NTSC 
operation. When the PAL/NTSC input is 
high, the VIS provides PAL comp atible 
output signals. When the PAL/NTSC Input 
Is low, the VIS provides NTSC compatible 
output signals. 

Vdd: 

Positive supply voltage. 



TABLE 3 
CHARACTER COLOR CONTROL 



C0LB1 


COLBO 


RED 


BLUE 


GREEN 





1 

1 




1 



1 


CCBO 
CCBO 
PCB 
PCB 


CCB1 
PCB 
CCBO 
CCBO 


PCB 
CCB1 
CCB1 
CCB1 



I 



TABLE 4 
COLOR FORMAT CONTROL 



CFC 


BKG 
CHR 


BKG 
LUM 


DOT 
CHR 


DOT 
LUM 





BKG 
R,B,G 


BKG 
R,B,G 


CCB0/CCB1 
PCB 


CGB0/CCB1 
PCB 


1 


BKG 
R,B,G 


BKG 
R,B,G, 


BKG 
R,B,G 


CCB0/CCB1 
PCB 



TABLE 5 
COLOR SELECT 



CHAR OR BKG 
COLOR DATA BITS 


OUTPUT 
COLOR 


% OF MAX 
LUMINANCE 


RED 


BLUE 


GREEN 







1 
1 
1 
1 





1 
1 




1 
1 




1 


1 



1 



1 


BLACK 

GREEN 

BLUE 

CYAN 

RED 

YELLOW 

MAGENTA 

WHITE 



59 
11 
70 
30 
89 
41 
100 
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DOT CLOCK-f 6^ j |^ 

DOT CLOCK- 12^^ | 



■**0OT CLOCK +6 IS ADDSTB FOR FULL HORIZONTAL RESOLUTION DISPLAY 
^*DOT CLOCK *I2 IS ADDSTB FOR HALF HORIZONTAL RESOLUTION DISPLAY 

Fig. 4A— ADDSTB timing diagram. 
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Fig. 4B^Horlzontal timing diagram. 
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Fig. 4C— Vertical timing diagram. 
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Fig. 5— Horizontal sync timing (see Table 6). 



TABLE 6 
HORIZONTAL TIMING STANDARDS 



DIAGRAM 


NTSC 
STANDARD 


NTSC 

VIS 

5.67 MHz XTAL 


PAL 
STANDARD 


PAL 

VIS 

5.626 MHz XTAL 


A 


NA 


3.7 ms 


NA 


4.8 us 


B 


0.02H MIN 
1.27msMIN 


2.12 ms 


1.55 ms 


2.12 ms 


C 


0.07H-.08H 
4.45-5.08^8 


4.23 MS 


4.7 MS 


4.27 MS 


D 


0.045H-0.55H 

8-11 CYCLES 

3.58 MHz 


3.174 ms 
11 CYCLES 
3.58 MHz 


1 1 CYCLES 
4.433 MHz 


3.199ms 
14 CYCLES 
4.433 MHz 


E 


0.02H MIN 
1.27^8 MIN 


1.41 MS 


2.07ms 


1.07 ms 


F 


NA 


6 MS 


NA 


4.98 us 


G 


0.006H 
• 0.381 MS 


0.352 ms 


0.70 MS 


0.355 MS 


HORIZONTAL 
FREQUENCY 


15,734.264 Hz 

(COLOR) 

15,750 Hz 

(B&W) 


15,750 Hz 


15,625 Hz 


15,628 Hz 



I 



H = 63.5 MS 



NA = NOT APPLICABLE 



r;^ 



!■ ■ ■!■ • 



■^ 



BURST BKG 



-nffl-^r^ n , n i iriftF^nj^ 



92CM-3I940 



Fig. 6-^ Vertical sync timing (see Table 7). 

TABLE 7 
VERTICAL TIMING STANDARDS 



DIAGRAM 


NTSC 
STANDARD 


NTSC 

VIS 

5.67 MHz XTAL 


PAL 
STANDARD 


PAL 

VIS 

5.626 MHz XTAL 


A 


NA 


26H 


NA 


44H 


B- 


3H 


4H 


2.5H 


4H 


C 


1H 


1H 


1H 


1H 


D 


2H 


3H 


1.5H 


3H 


E 


1H 


1H 


1H 


1H 


F 


2H 


9H 


19H 


9H 


G 


9H-12H 


26H 


NA 


34H 


HORIZONTAL 
PERIOD (H) 


63.5 MS 


63.5 MS 


64 MS 


64 MS 


VERTICAL 
FREQUENCY 


59.94 Hz 

(COLOR) 

60 Hz (B&W) 


60.116 Hz 


50 Hz 


50.09 Hz 



: NO BKG VIDEO, NO BURST 



NA = NOT APPLICABLE 
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TABLE 8 
DISPLAY FORMAT 


COMMAND DATA 


DISPLAY/ 


CDP1870 
FRES 
HORZ 


CDP1869 
FRES 
VERT 


CDP1869 

DOUBLE 

PAGE 


CDP1869 
16-LINE 
HJRES 


CDP1869 
9.LINE 


CHAR 
DISPLAY 
MATRIX 


CHAR/ 1 
ROW 


CHAR 
ROWS/ 
FRAME 
















6x8 


20 


12 











1 




6x16 


20 


6 








1 







6x8 


20 


12 





1 










6x8 


20 


24 





1 





1 




6x16 


20 


12 





1 


1 







6x8 


20 


24 










1 




6x16 


40 


6 







1 







6x8 


40 


12 














6x8 


40 


24 









1 




6x16 


40 


24 






1 







6x8 


40 


24 

















6xS 


20 


12 
















6x9 


20 


24 


1 













6x9 


40 


24 



NOTE: ALL OTHER COMMAND COMBINATIONS ARE INVALID AND WILL RESULT IN IMPROPER 
DISPLAY OPERATION. 



TABLE 9 
CDP1869 COMMAND 



CPU I/O 
INSTRUCTION 


MA15 


MAI 4 


MA13 


MA12 


MA11 


MA10 


MA9 


MA8 


OUT 4 


0* 


TONE 
26 


TONE 

-;- 
25 


TONE 
24 


TONE 
23 


TONE 

-r 

22 


TONE 
21 


TONE 
20 


OUTS 


WN 
OFF 


WN 
FREQ 
SEL2 


WN 
FREQ 
SEL1 


WN 
FREQ 
SELO 


WN 

AMP 

23 


WN 

AMP 

22 


WN 
AMP 

21 


WN 

AMP 

20 


OUT 6 


X 


X 


X 


X 


X 


PMA10 
REG 


PMA9 
REG 


PMA8 
REG 


OUT 7 


X 


X 


X 


X 


X 


HMA10 
REG 


HMA9 
REG 


HMA8 
REG 



X = DON'T CARE 

* = MUST BE LATCHED LOW 
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- 


COMBINATIONS (FULL COLOR SYSTEM) 


MEMORY COMBINATIONS | 




MAX. DISPLAY 

PAGE MEM. 

SIZE* 


MAX. DISPLAY 

CHAR. MEM. 

SIZE** 


CHAR 
SIZE 

• 


COMMENTS 




240x8 


128x8x8 


4 


REPEATS EACH LINE AND COL TWICE (NTSC) 




240x8 


128x16x8 


8 


REPEATS EACH LINE AND COL TWICE. 

16 DIFFERENT LINES (NTSC) 




1200x8 


128x8x8 


4 


REPEATS EACH LINE AND COL TWICE, 
HARDWARE SCROLL (NTSC) 




960x8 


128x8x8 


2 


REPEATS EACH COL TWICE (NTSC) 




960x8 


128x16x8 


6 


REPEATS EACH COL TWICE 

16 DIFFERENT LINES (NTSC) 




1920x8 


128x8x8 


2 


REPEATS EACH COL TWICE, 

HARDWARE SCROLL (NTSC) 




240x8 


128x16x8 


7 


REPEATS EACH LINE TWICE, ' 

16 DIFFERENT LINES (NTSC) 




1200x8 


128x8x8 


3 


REPEATS EACH LINE TWICE, 

HARDWARE SCROLL (NTSC) 




960x8 


128x8x8 


1 


HIGHEST RESOLUTION (NTSC) 




960x8 


128x16x8 


5 


HIGHEST RESOLUTION, 

16 DIFFERENT LINES (NTSC) 




1920x8 


128x8x8 


1 


HIGHEST RESOLUTION, 

HARDWARE SCROLL (NTSC) 




240x8 


128x9x8 


4 


REPEATS EACH LINE AND COL TWICE (PAL) 




960x8 


128x9x8 


2 


REPEATS EACH COL TWICE (PAL) 




960x8 


128x9x8 


1 


HIGHEST RESOLUTION (PAL) 



I 



7 BITS FOR ADDRESS DATA, 1 BIT FOR COLOR DATA 

6 BITS FOR CHARACTER DATA, 2 BITS FOR COLOR DATA 



• See Fig. 7. 



REGISTER CODES 





MA7 


MAS 


MAS 


MA4 


MA3 


MA2 


MAI 


MAO 




TONE 
OFF 


TONE 
FREQ 
SEL2 


TONE 
FREQ 
SEL1 


TONE 
FREQ 
SELO 


TONE 

AMP 

23 


TONE 

AMP 

22 


TONE 

AMP 

21 


TONE 

AMP 

20 




FRES 
VERT 


DOUBLE 
PAGE 


16 LINE 
HI-RES 


X 




X 


X 


CMEM 

ACCESS 

MODE 




9-LINE 




PMA7 
REG 


PMA6 
REG 


PMA5 
REG 


PMA4 
REG 


PMA3 
REG 


PMA2 
REG 


PMA1 
REG 


PMAO 
REG 




HMA7 
REG 


HMA6 
REG 


HMA5 
REG 


HMA4 
REG 


HMA3 
REG 


HMA2 
REG 


X** 


X** 



= ALWAYS LATCHED LOW INTERNALLY 

' MUST BE LATCHED LOW DURING 9-LINE OPERATION 
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-COLUMUN NUMBER 



012345 I 234 56 789I0II 012345 I 2 3 4 5 6 78 9 Oil 



0- 
I- 

2- 
3- 
4 
5- 

6- 

7- 

PAL ONLY — -8- 



■Kl> 



2- 

3- 

4- 

5- 

6- 

7- 

8— 

9— 
lo- 
ll 

12- 
13 
14- 

15- 

16- 

17- 

18- 

19- 
20 
21- 
22 

23— 
24- 
25- 
26— 
27- 
28- 
29— 
30- 
31 



□ 






MI 



D 



I n I Ml n 1 1 



niD 




□ 



CHAR. SIZE NUMBER 
-(SEE CHART 8) 



92CL-3I908RI 



Fig. 7— Character display matrix size. 



TABLE 10 
CDP1870 COMMAND REGISTER CODE 



CPU I/O 
INSTRUCTION 


BUS 7 


BUS 6 


BUSS 


BUS 4 


BUSS 


BUS 2 


BUS1 


BUSO 


OUT 3 


FRES 
HORZ 


C0LB1 


COLBO 


DISP 
OFF 


CFG 


BKG 
RED 


BKG 
BLUE 


BKG 
GREEN 
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COL. 
1 2345 



I ;^r EACH CHARACTER IS 
wi A 6X8 DOT MATRIX ( NTSC) 
*;f^ OR A 6x 9 DOT MATRIX (PAL) 



».*- PAL ONLY 




' 
56 60 



\ 










I 



HORIZONTAL SYNC* 



U" 

I 

J" 



"^HORIZONTAL AND VERTICAL SYNC ARE COMBINED TO FORM COMPSYNC 

Fig. 8^40 x 24 character display. 



92CM-3I909RI 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA COS/MOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for COS/MOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 
these conditions must not cause Vqd- 



Vss to exceed the absolute maximum 
rating. 

Input Signals 

To prevent damage to the input protec- 
tion circuit, input signals should never be 
greater than VpD nor less than VsS- 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either Vdd o*" 
VsS' whfchever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss n^ay 
damage COS/MOS devices by exceeding 
the maximum device dissipation. 
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._ 


1 40 


"^00 


02 


2 39 




D5 


3 38 


CONTROL 


D* 


4 37 


ALPHA 


05 


5 36 


DEBOUNCE 


06 


6 35 


— RPT 


07 


7 34 


TPB 


08 


8 33 


— OA 


09 


9 32 


BUS 7 


010 


10 31 


BUS 6 


on 


II 30 


BUS 5 


SI 1 


12 29 


1 BUS 4 


S2 


13 28 


BUS 3 


S3 


14 27 


BUS 2 


S«t 


15 26 


BUS 1 


S5 


16 25 


BUS 


S6 


17 24 


1 CS4 


S7 


18 23 


CSS 


S8 


19 22 


CS2 


Vss 


20 21 


— csl 




TOP VIEW 


^CS- 33527 


Terminal Assignment 



Preliminary Data 

CMOS Keyboard Encoder 



Features: 

■ Directly interfaces with CDRWOO-series 
microprocessors 

■ Low power dissipation 
m 3-State outputs 

■ Scans and generates code for 53 key ASCII 
keyboard plus 32 HEX keys {SPST mechanical 
contact switches) 

m Shift, control, and alpha lock inputs 
m RC-controlled debounce circuitry 

■ Single 4 to 10.5 V supply {CDP1871A); 4 to 6.5 V 
{CDP1871AC) 

m N-key lockout 



The RCA-CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series microproces- 
sor and a mechanical keyboard array, providing up to 53 
ASCII coded keys and 32 HEX coded keys, as shown in the 
system diagram (Fig. 1). 

The keyboard may consist of simple single-pole single- 
throw (SPST) mechanical switches. Inputs are provided for 
alpha-lock, control, and shift functions, allowing 160 
unique codes. An external R-C input is available for user- 
selectable debounce times. The N-key lock-out feature pre- 



vents unwanted key codes if two or more keys are pressed 
simultaneously. 

The CDP1871 A and CDP1871AC are functionally identical. 
They differ in that the CDP1 871 A has a recommended oper- 
ating voltage range of 4 to 10.5 volts, and the CDP1871AC 
has a recommended operating voltage range of 4 to 6.5 
volts. These types are supplied in 40-lead dual-in-line 
ceramic packages (D suffix), and 40-lead dual-in-line plas- 
tic packages (E suffix). 



HD-] 

hAAAth. 



TPB 



BUSO - BUS7 



;:> 



ALPHA LOCK 



I NORMA 



CS4 

TPB 



8- BIT DATA BUS 



SI' 
BU0-BUS7 S8 



lllUiU, 



KKh 



pi ol < 



}}} mm. 



y 



92CL-35005 



Fig. 1 — Typical CDP1800-series microprocessor system using the CDP1871A. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd): 
(All voltage values referenced to Vss terminal) 

CDP1871A -0.5 to 4- 11 V 

CDP1871 AC -0.5 to -f 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ± 10 rrjA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = - 40 to + 60** C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/^'C to 200 mW 

For Ta = -55 to + lOO^'C (PACKAGE TYPE D) 500 mW 

For Ta = 100 to + 125° C (PACKAGE TYPE D) Derate LineaHy at 12 mW/°C to 200 mW 

DEVICE. DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to + 125^0 

PACKAGE TYPE E -40 to + 85° C 

STORAGE TEMPERATURE RANGE (Tstg) -66 to + 150° C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max + 265°C 

RECOMMENDED OPERATING CONDITIONS at 7a = ~40 to -^85° C 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1871AD 
CDP1871AE 


CDP1871ACD 
CDP1871ACE 


MIN. 


MAX. 


MIN. 


MAX. 


Supply-Voltage Range 




4 


10.5 


4 


6.6 


V 


Recommended Input Voltage Range 




Vss 


Vdd 


Vss 


VOD 


V 


Clock Input Frequency, TPB 
(Keyboard Capacitance = 200 pF) 


5 


DC 


0.4 


DC 


0.4 


MHz 


10 


DC 


0.8 


— 


— 



I 



K i BUFFERS I 

^"Uj>--~M^BUS'7 




FROM 
KEY BOARD 

LINES S8 



SRpD ^RpO 



SI 



DRIVE 
LINES 



Dll ALPHA SHIFT CONTROL 



Fig. 2 — CDP1871A block diagram. 



92CM-34522 
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STATIC ELECTRICAL CHARACTERISTIC at T* = -40 to +85° C, except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


VIN 
(V) 


Vdd 
(V) 


CDP1871AD 
CDP1871AE 


CDP1871ACD 
CDP1871ACE 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


Quiescent Device 

Current Idd 


— 


0,5 


5 


■— 


0.1 


50 


— 


1 


200 


M 


— 


0,10 


10 


— 


1 


200 


— 


— 


— 


Output Low Drive (sink) Current 

(except debounce and D1-D11) Iol 

Debounce Iol 


0.4 


0,5 


5 


0.5 


1 


— 


0.5 


1 


— 


mA 


0.5 


0,10 


10 


1 


2 


— 


— 


— 


— 


0.4 


0,5 


5 


0.75 


1.5 


— 


0.75 


1.5 


— 


0.5 


0,10 


10 


1 


2 


— 


— 


— 


— 


D1-D11 Iol 


0.4 


0.5 


5 


.05 


0.1 


— 


.05 


0.1 


— 


0.5 


0,10 


10 


0.1 


0.2 


— 


— 


_ 


— 


Output High Drive (Source) Current 

loH 


4.6 


0,5 


5 


0.3 


0.6 


— 


0.3 


0.6 


— 


9.5 


0,10 


10 


0.75 


1.5 


~ 


— 


— 


— 


Input Low Voltage 
(except Debounce) Vil 


0.5,4.5 


_ 


5 


— 


— 


1.5 


— 


— 


1.5 


V 


1.9 


— 


10 


— 


— 


3 


— 


— 


— 


Input High Voltage 
(except Debounce) Vih 


0.5,4.5 


— 


5 


3.5 


— 


— 


3.5 


— 


— 


1.9 


_ 


10 


7 


— 


— 


— 


— 


— 


Debounce Schmitt Trigger 
Input Voltage 
Positive Trigger Voltage Vd 


0.4 




5 


2.0 


3.3 


4.0 


2.0 


3.3 


4.0 


0.5 


— 


10 


4.0 


6.3 


8.0 


— 


— 


— 


Negative Trigger Voltage Vn 


0.4 


— 


5 


0.8 


1.8 


3.0 


0.8 


1.8 


3.0 


0.5 


— 


10 


1.9 


4.0 


6.0 


— 


— 


— 


Hysteresis Vh 


0.4 


0,5 


5 


0.3 


1.6 


2.6 


0.3 


1.6 


2.6 


0.5 


0,10 


10 


0.7 


2.3 


4.7 


— 


— 


— 


Output Voltage Low Level 

Vol 


— 


0.5 


5 


__ 





.05 


— 





.05 


— 


0,10 


10 


— 





.05 


_ 


— 


— 


Output Voltage High Level 

VOH 


— 


0,5 


5 


4.95 


5 


— 


4.95 


5 


— 


— 


0,10 


10 


9.95 


10 




— 


— 


— 


Input Leakage Current 
(except S1-S8, Shift, Control) U 


— 


0,5 


5 


— 


.01 


1 


— 


.01 


1 


//A 


— 


0,10 


10 


~ 


.01 


1 


— 




— 


3-State Output Leakage Current 

loUT 


0.5 


0,5 


5 


_ 


.01 


1 


— 


.02 


2 


0,10 


0,10 


10 


— 


.02 


2 


— 


— 


— 


Pull-Down Resistor Value 
(S1-S8, Shift, Control) Rpd 


~ 


- 


- 


7 


14 


24 


7 


14 


24 


kO 


Operating Current loper 
(All-outputs fcL = 0.4 MHz 
unloaded) fcL = 0.8 MHz 


0.5,4.5 


0,5 


5 


_ 


0.6 


_ 


„ 


0.6 


_ 


mA 


1,9 


0,10 


10 


- 


2.7 


- 


- 


- 


- 



*Typical values are for Ta = +25° 0. and nominal Vdd. 
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FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 



D1 — D11 (Outputs): 

Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix 
to the sense lines {S1 — SB). 

SI - S8 (Inputs): 

Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 

CS1, CS2, CS3, CS4 (Inputs): 

Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS — BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low- 
to-high transition of TPB. These four i nputs are normally 
connected to the N-lines (N0-N2) and MRD output of the 
CDP1800-series microprocessor. (Table 2) 

BUS -- BUS 7 (Outputs): 

Tri-state data bus outputs which provide the ASH and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS — BUS 7 terminals of the CDP1800- 
series microprocessor. 

DA (Output): 

The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the C DP1871A. 
This output is normally connected to a flag input (EF1-EF4) 
of the CDP1800-series microprocessor. 

TPB (Input): 

The input clock used to drive the scan generator and reset 



the status flag (bA). This Input Is normally connected to the 
TPB output of the CDP1800-series microprocessor. 

RPT (Output): 

The repeat output flag which Is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key Is closed and 
is used for an autorepeat function, under CPU control. T his 
output.is normally connected to a flag Input (EF1-EF4) of 
the CDP1800-serles microprocessor. 

DEBOUNCE(lnput): 

This input is connected to the junction of an external resis- 
tor to.VoD and capacitor to Vss. It provides a debounce time 
delay (t = RC) after the release of a key. If a debounce Is not 
desired, the external pull-up resistor Is still required. 

ALPHA, SHIFT, CONTROL (Inputs): 

A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown In Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves. The SHIFT and CONTROL inputs have in- 
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
designed for a standard SPDT switch to provide an alpha- 
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 

Vdd, Vss: 

Vdd is the positive supply voltage Input. Vss Is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Vdd. The recom- 
mended input voltage swing Is from Vss to Vdd- 



I 



TABLE 1 - SWITCH INPUT FUNCTIONS 



CONTROL 


SHIFT 


ALPHA 


KEY FUNCTION 











NORMAL 


1 


X 


X 


CONTROL 





1 


X 


SHIFT 








1 


ALPHA 



X= DONTCARE 







fABLE 2 - VALID N-LINE CONNECTIC 


ms 




CPU 




CDP1871A SIGNAL 




CPU INPUT 


CS4 


CS3 


CS2 


CS1 


INSTRUCTION 


CDP1800- 
SERIES 
SIGNAL 


MRD 


N2 


NO 


N1 


INP5 


MRD 


NO 


N1 


N2 


INP3 


MRD 


N2 


N1 


NO 


INP6 
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TABLE 3 - DRIVE AND SENSE LINE KEYBOARD CONNECTIONS^ 










SENSE 
LINES 


DRIVE LINES 1 




Dg 


D3 


D4 


Ds 


De 


Dy 


Pet. 


Dst 


Diot 


Diit 


Si 


SP 





( 


8 




@ 


H 


H 


P 


P 


X 


X 


SPACE 


8O16 


8816 


90i6 


98i6 





iii 


8 


iiii 


@ 


NUL 


h 


BS 


P 


DLE 


X 


CAN 


S2 


! 


1 


) 


9 


A 


A 


1 


1 


Q 


Q 


Y 


Y 




8I16 


89i6 


9I16 


99i6 


1 


iiii 


9 


iiii 


a 


SOH 


i 


HT 


q 


DC1 


y 


EM 


S3 


" 


2 


* 




B 


B 


J 


J 


R 


R 


z 


Z 


LINE 
FEED 


82i6 


8A16 


92i6 


9Ai6 


2 


iiii 






b 


STX 


] 


LF 


r 


DC2 


z 


SUB 


S4 


# 


3 


+ 


; 


C 


C 


K 


K 


S 


S 


{ 


[ 


ESCAPE 


83i6 


8B16 


93i6 


9Bi6 


3 


iiiii 


I 


il-piiv 


c 


ETX 


k 


VT 


s 


DCS 


[ 


ESC 


Ss 


$ 


4 


< 




D 


D 


L 


L 


T 


T 


1 


\ 




84i6 


8C16 


94i6 


9Ci6 


4 




, 


iiii-:! 


d 


EOT 


1 


FF 


t 


DC4 


\ 


FS 


Se 


% 


5 


=: 


- 


E 


E 


M 


M 


U 


U 


1 


] 


CARRAIGE 
RETURN 


85i6 


8D16 


95i6 


9Di6 


5 


iiiii 


- 




e 


ENQ 


m 


OR 


u 


NAK 


] 


GS 


S7 


& 


6 


> 




F 


F 


N 


N 


V 


V 


^ 


t 




8616 


8E16 


96i6 


9Ei6 


6 








f 


ACK 


n 


SO 


V 


SYN 


! 


RS 




Ss 


' 


7 


? 


/ 


G 


G 








W 


W 


DEL 


— 


DELETE 


87i6 


8F16 


97i6 


9Fi6 


7 


••••••••••ivi-;i 


/ 




g 


BEL 





SI 


w 


ETB 


- 


US 



SHIFT* 


ALPHA* 


NORMAL 


CONTROL* 



KEY: 



*CONTROL overrides SHIFT and ALPHA 



== NO RESPONSE 



^Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL. 
fDrive lines 8, 9, 10, and 11 generate non-ASCII hex values which can be used for special codes. 











TABLE 4 — 


HEXIDECIMAL VALUES OF ASCII CHARACTERS 








MSD 


b7 ^ 

be-*- 

b5* 
BITS 










1 




1 






1 
1 


1 




1 


1 


1 
1 




1 
1 

1 


b4 b3 b2 b1 


HEX 





1 


2 


3 


4 


5 


6 


7 


LSD 

















NUL 


DLE 


SP 





@ 


P 


\ 


P 













1 


SOH 


DC1 


! 


1 


A 


Q 


a 


q 








1 




2 


STX 


DC2 




2 


B 


R 


b 


r 








1 




3 


' ETX 


DCS 


# 


3 


C 


S 


c 


s 





1 







4 


EOT 


DC4 


$ 


4 


D 


T 


d 


t 





1 







5 


ENQ 


NAK 


% 


5 


E 


U 


e 


u 





1 


1 




6 


ACK 


SYN 


& 


6 


F 


V 


f 


V 





1 


1 




7 


BEL 


ETB 


/ 


7 


G 


w 


g 


w 












8 


BS 


CAN 


( 


8 


H 


X 


h 


X 












9 


HT 


EM 


) 


9 


1 


Y 


1 


y 







1 





A 


LF 


SUB 






J 


z 


i 


z 







1 




B 


VT 


ESC 


+ 


; 


K 


[ 


k 


{ 




1 







C 


FF 


FS 




< 


L 


\ 


1 


1 




1 







D 


CR 


GS 


- 


= 


M 


] 


m 


}i 




1 


1 





E 


SO 


RS 




> 


N 


t 


n 


~ 




1 


1 




F 


SI 


US 


/ 


? 





— 





DEL 
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1800-Series Peripherals 



CDP1871A, CDP1871AC 



OPERATION 



The CDP1871A is made up of two ma/or sections: the 
counter/scan-selection logic and the control logic (Fig. 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines 
(S1-S8). The outputs of the internal 5-stage scancounter 
are conditionally encoded by the ALPHA, SHIFT, and CON- 
TROL inputs (Table 1, Table 3) and are used to drive the 
D1-D11 output lines highoneatatime. Each D1-D11 output 
may drive up to eight keys, which are sampled by the sense 
line inputs (S1-S8). The S1-S8 inputs are enabled by the 
internal 3-stage scancounter. 

The control logic interfaces with the CDP1800-series I/O 
and timing signals to establish timing and status conditions 
for the CDP1871A. 

The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scancounters on the next low-to- 
high transition of TPB and the DA output is set low. The 
scancounter outputs (C1-C8) represent the ASCII and HEX 
key codes and are used to drive the BUS — BUS 7 outputs, 
which interface directly to the CDP1800-Series data bus. 
The BUS — BUS 7 outputs, which are normally tri-stated, 
are enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB 
during the input instruction resets the DA output high. 
Once the DA output has been reset, it cannot go low again 
until the present key Is released and a new keydown condi- 
tion is detected. (This prevents unwanted repeated keycode 
outputs which may be caused by fast software routines). 

After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 

DYNAMIC ELECTRICAL CHARACTERISTICS at 7a -40 to 



Is removed, allowing the scancounters to advance on the 
following high-to-low transitions of TPB. This provides an 
N-key lockout feature, which prevents the entry of errone- 
ous codes when two or more keys are pressed simulta- 
neously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until 
the first key is released and read by the CPU, at which time 
the next key pressed In the scanning order is detected. If the 
first key remains closed after the CPU reads the data and 
resets the DA outp ut, on the low-to-high transition of TPB, 
an auxiliary signal (RPT) is generated and is av ailabl e to the 
CPU to indicate an auto-repeat condition. The RPT output 
is reset high at the end of the debounce delay after the 
depressed key is released. 

The DEBOUNCE input provides a terminal connection for 
an external user-selected RC circuit to eliminate false de- 
tection of a keydown condition caused by keyboard noise. 
The operation of the DEBOUNCE circuit is shown in Fig. 2 
(Pin 36). When a valid keydown is detected, the on-chip 
active-resistor device (Rn) is enabled and the external ca- 
pacitor (Cx) Is discharged, providing a key closure de- 
bounce time = RnCx. This discharge is sensed by the 
Schmitt-tigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA F/F is reset by the low-to-high transition of TPB 
when the CS inputs are enabled). When a valid key-release 
Is detected Rn is disabled and Cx begins to charge through 
the exterrial resistor (Rx), providing a key-release debounce 
time s RxCx. This charge time is again sensed by the 
Schmitt-trigger inverter, enabling the scan clock to con- 
tinue on the next hIgh-to-low transitions of TPB, after the 
current keycode data is read by the CPU. 

-h85''C, VoD±5% 



I 



CHARACTERISTIC 


Vdd 
(V) 


LIMITS 


UNITS 


CDP1871AD 
CDP1871AE 


CDP1871ACD 
CDP1871ACE 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


Clock Cycle Time 

tec 


5 


— 


— 


— 


— 


— 


— 


NOTE 

1 


10 


— 


— 


— 


_ 


^ 


— 


Clock Pulse Width High 

tcWH 


5 


100 


40 


_ 


100 


40 


— 


ns 


10 


50 


20 


— 


— 


— 


-- 


Data Available Valid 

Delay toAL 


5 


~ 


260 


500 


__ 


260 


500 


ns 


10 


— 


130 


250 


_ 


_ 


_ 


Data Available Invalid 

Delay toAH 


5 


_ 


70 


150 


__ 


70 


150 


ns 


10 


_ 


35 


75 


_ 


™ 


__ 


Scan Count Delay 

(Non-Repeat) tcDi 


5 


_ 


850 


1900 


~ 


850 


1900 


ns 


10 


_ 


425 


950 


^ 


_^ 


^ 


Data Out Valid Delay 

tcDV 


5 


— 


120 


250 


— 


120 


250 


ns 


10 


— 


60 


125 


__ 


__ 


— 


Data Out Hold Time 

tcDH 


5 


— 


100 


200 


— 


100 


200 


ns 


10 


■ _ 


50 


100 


__ 


— 


— 


Repeat Valid Delay 

tRPL 


5 


— 


150 


400 


-^ 


150 


400 


ns 


10 


— 


75 


200 


— 


_ 


— 


Repeat Invalid Delay 

tfiPM 


5 


— 


350 


700 


_ 


350 


700 


ns 


10 


- 


170 


350 


- 


— 


— 



*Typical Values are for Ta = + 25° C and nominal Vdd 
Note 1 : tec — tcwH + tcwL 

tcwL = tcDI + KG 

k = 0.9X 10"^ O 

c ~ keyboard capacitance (pF) 
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RCA CMOS LSI Products 



CDP1871A, CDP1871AC 



KEY CLOSURE 



U 



^^^ ~H ^cwm K"! *CWL""*1 



^t,,^ 



H K- 



f^N^X""*] 



PRESENT COUNT 

R 



OPEN; 



RxC; 



:^ 



_m. 



+-t- — 

I h 



-^ ♦CDI \*- 

Xnext count 



CS»CSI*CS2>CS3»CS4 

CSI. CS2. CS3-<a>U N-LINES 

CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 



~~H ♦CDvh" "H *CDH K~ 



92CM>35006 



KEY 
DEPRESSED 



DA 



RPT 



Fig. 3 — CDP1871A dynamic timing diagram (non-repeat). 



-*i \*-'° 



h'. 



J~L 



--*\ 



H — '^x^x'H 



PRESENT COUNT 



NEXT COUNT 



1 



-^♦CDv[-^ -^^CDhI-*- 

<^ VALID J> 



CS = CSI • CS2 •CS3*CS4 

CS= CSTj:S2.CS3MCPU N-LINES) 

CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 

Fig. 4 — CD P1 871 A dynamic timing diagram (repeat). 



92CM-3500T 
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1800-Series Peripherals 




INPUT KEY 
DATA 




PERFORM CONTROL 
FUNCTION 



DISPLAY 
CHARACTER 





92CM-32530RI 

Fig. 5 — Typical system software flowchart 
for CDP1871A, CDP1871AC. 

ORDERING INFORMATION 

RCA Microprocessor device packages are Identified by let- 
ter indicated in the following chart. When ordering a Mi- 
croprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 

Package Suffix Letter 

Duai-ln-Line Side-Brazed Ceramic D 

Dual-ln-Line Plastic E 

For example, a CDP1871AC In a dual-in-line plastic pack- 
age will be identified as the CDP1871ACE. 



CDP1871A, CDP1871AC 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

Ail inputs and outputs of RCA Microprocessor devices 
have a network for electrostatic protection during han- 
dling. Recommended handling practices for Microproc- 
essor devices are described in ICAN-6525, "Guide to 
Better Handling and Operation of CMOS Integrated 
Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must not 
cause Vdo-Vss to exceed the absolute maximum rating. 

Input Signals 
To prevent damage to the Input protection circuit. Input 
signals should never be greater than Vdo nor less than 
Vss. Input currents must not exceed 10 mA even when the 
power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vdo or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vqd or Vss may damage Micro- 
processor devices by exceeding the maximum device 
dissipation. 



I 
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RCA CMOS LSI Products 



CDP1872C, CDP1874C, CDP1875C 



Preliminary Data 



CSI — 
DIO —- 

000 — 

on — 

001 — 

012 — 

002 — 

013 ~ 

003 — 
CLOCK — 

Vss — 



- vdd 

■ 017 

■ 007 

■ 016 

- 006 

- 015 

- 005 

- 014 

■ ^ 

■ CLR 

■ CS2 



920? '^301 2 



CDP1872C Input Port 
TERMINAL ASSIGNMENT 



High-Speed 

8-Bit Input and Output Ports 



Features: 

■ Parallel B-bit input/ output register with buffered outputs 
m High-speed data-in to data-out: 

85 ns {max.) at Vdd=5 V 

■ Flexible applications in microprocessor systems as 

buffers and latches 
m High order address-latch capability in C DPI 800 series 
microprocessor systems 

■ Output sink current— 5 mA (min.) at Vdd=5 V 
m 3-state output'CDP1872C and CDP1874C 



The RCA-CDP1872C. CDP1874C and CDP1876C devices 
are high-speed 8-bit parallel input and output ports 
designed for use in the CDP1800 microprocessor system 
and for general use in other microprocessor systems. The 
CDP1872C and CDP1874C are 8-bit Input ports; the 
CDP1876C Is an 8-blt output port. 

These devices have flexi ble c apabilities as buffers and data 
latches and are reset by CLR input when the data strobe Is 
not active. 

The CDP1872C and CDP1874C are functionally identical 
except for device selects. The CDP1872C has one active 
low and one active high select; the CDP1874C has two 



active high device selects. These devices also feature 3- 
state outputs when deselected. Data Is strobed into the 
register on the leading edge of the CLOCK and latched on 
the trailing edge of the CLOCK. 

The CDP1875C Is an output port with data latched Into the 
registers when the device selects are active. There are two 
active high and one active low selects. The output buffers 
are enabled at all times. 

These devices are supplied in22-lead hermetic, dual-in-line 
side-brazed ceramic packages (D suffix) and in 22-lead 
dual-in-line plastic packages (E suffix). 



CSI 


1 


22 


VDO 


DIO 


2 


21 


017 


000 


3 


20 


007 


Oil 


4 


19 


016 


001 


5 


18 


006 


012 


6 


17 


015 


002 


7 


16 


005 


013 


8 


15 


1 014 


003 — r- 


9 


14 


004 


CLOCK 


10 


13 


^CLR 


Vss 


It 


12 


CS2 




TOP VIEW 








92CS-330I 


CDP1874C Input 


Port 


TERMI 


NALASSIQI 


SIMENT 




92CS-330I0 



CDP1875C Output Port 
TERMINAL ASSIGNMENT 



320 



ISOO-Series Peripherals 



RECOMMENDED OPERATING CONDITIONS at 

Ta--40^C to +85'' C. For maximum reliability, operating 
conditions should be selected so that operation is always 
within the following ranges: 



CHARACTERISTIC 


LIMITS 
ALL TYPES 


UNITS 


DC Operating-Voltage Range 


4 to 6.5 


V 


Input Voltage Range 


Vss to Vdd 



CDP1872C, CDP1874C, CDP1875C 

"=G^ 



CS2 • 

DI - 
CLOCK - 



CUR- 



L> 



D 

C Q 



92CS-3300e 



Fig. 1-EquivalBnt logic diagram (7 of 8 latches shown) 
forCDP1d72C. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) -0.5 to +7 V 

(Voltage referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT , ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60*C (PACKAGE TYPE E) 600 mW 

For Ta=+60 to +85*>C (PACKAGE TYPE E) Derate Linearly at 12 mW/«C to 200 mW 

For Ta=-55 to +100°C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to +125^0 (PACKAGE TYPE D) Derate Linearly at 12 mW/»C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta-FULL package-temperature range (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

package type D -55 to -f 125»C 

PACKAGE TYPE E -40 to +85«C 

STORAGE TEMPERATURE RANGE (Tgtg) ~66 to -f 150«C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in, (1.69 ± 0.79 mm) from case for 10 s max +265**C 



I 



STATIC ELECTRICAL CHARACTERISTICS at Ta= -40 to -hSS'^C, Vpo ± 5%, except as noted 



CHARACTERISTIC 


TEST 
CONDITIONS 




LIMITS 


UNITS 


vq 

(V) 


V|N 
(V) 


Vdd 

(V) 


ALL TYPES 


Min. 


Typ.- 


Max. 


Quiescent Device Current Iqd 


— 


0,5 


6 


— 


25 


60 


M 


Output Low Drive (Sink) Current IqL 


0.4 


0,5 


5 


5 


10 


— 


mA 


Output High Drive (Source) Current lOH 


4.6 


0,5 


5 


-4 


-7 


— 


Output Voltage Low-Level ^ Vol 


— 


0.6 


5 


— 





0.1 


V 


Output Voltage High-Level * VoH 


— 


0,6 


5 


4.9 


5 


— 


Input Low Voltage V|l 


0.5,4.6 


— 


5 


— 


— 


1.6 


Input High Voltage V|h 


0.5.4.5 


— 


5 


3.5 


— 


_ 


Input Leakage Current I|IS| 


— 


0.5 


6 


— . 


— 


±1 


M 


3-State Output Leakage Current # Iqut 


0.5 


0,6 


5 


— 


— 


±6 


Input Capacitance C|n 


— 


— 


— 


— 


16 


— 


PF 


Output Capacitance ^ CquT 


— 


— 


_ 


-. 


16 


_ 



• Typical values are for Ta=25*'C and Mqq ±5%. 

* l0L=l0H="' M. 

^ For CDP1872C and CDP1874C only. 
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RCA CMOS LSI Products 



CDP1872C, CDP1874C, CDP1875C 



CS2 

DI- 

CLOCK - 



lO 



CLR- 



L> 



D 

C Q 



CSI 
CS2 
CS3 



^ 



CLR 




9aCS- 33007 



Fig. 2'Equivalent logic diagram {1 of 8 latclies stiown) 
for CDP1874C. 



Fig. 3-Equivaler)t logic diagram {1 of 8 latches shown) 
for CDP1875C. 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25''C, Vdd=^ ^^ tr.tf=10 ns, Vih=0.7 Vqd, 
ViL=0.3 Vdd> CL=150pF 



• Typical values are for Ta=25''C and VpD ±5%. 
t Maximum values are for 7^=85** C and Vdd ±6%. 



CSI-CS2 1^ 

(CDPI872C) / 

CSI • CS2 

(CDPI874C) I 



tDSU 



/r--. 



X 



»DH 



\ 



HI 






DATA BUS. 
(HIGH Z) 



Men- 



( 



TZl 



f 



h-*DIS-H 



>*-*CRO 



V 



J 



92CM- 33006 



Fig, 4-Timing waveforms for CDP1872C and CDP1874C {input-port types). 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1872C 
CDP1874C 


Typ.* 1 Max.t 


Input Port (Fig. 4) 


Output Enable tEfsi 


45 


90 


ns 


Output Disable tpis 


45 


90 


Clock to Data Out tcLO 


45 


90 


Cleir to Output tcRO 


80 


160 


Data In to Data Out tpio 


50 


85 


Minimum Data Setup Time tosu 


10 


30 


Data Hold Time tpH 


10 


30 


Minimum Clock Pulse Width tcL 


30 


60 


Minimum Ulear Pulse Width tcR 


30 


60 
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• Typical values are for Ta==25'C and Vpo =t5%. 
t Maximum values are for Ta=86''C and Vpo ±5%. 





DYNAMIC ELECTRICAL CHARACTERISTICS af Ta=25'^C, 


CDP1872C, CDP1874C, CDP1875C 

V0D=5 V, tr,tf=10 n$, Vih=OJ Vdd> 




CHARACTERISTIC 


LIMITS 


UNITS 






CDP1875C 






Typ.* 1 Max.t 






Output Port (Fig. 5) 








Clock to Data Out 


tCLO 


50 


100 


ns 






CTeiir to Output 


tORO 


80 


160 






Data In to Data Out 


tDIO 


50 


85 






Minimum Data Setup Time 


tDS 


10 


30 






Data Hold Time 


tDH 


10 


30 






Minimum Slear Pulse Width 


tCR 


30 


60 





g§f-CS2 'CSS "CLOCK 




I 



Fig. 5-Timing waveforms for CDP1875C {output port). 



mr5 



MA 15 
C0PI802 



DATA BUS 
0-7 



JI 



ADDRESS 
BUS 



y 



01 — 

02 ~ 



CDPI874C 



04 



05 
06 
07 
CSI CS2 



vdd 



^ 



CLOCK 
CSI 

DO 01 

C0PI874C 

CS2 



O^ 



CDPI875C 
CS2 

CS3 

DI DO 



=>° 



92CM- 33004 



Fig. 6-CDP1874C used as an input port and address latcti with CDP1875C used as an output port. 
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CDP1872C, CDP1874C, CDP1875C 



NO 

Nl 

MRD N2 



CDPI802 



01 

02 

03 

AO 04 

Al 05 

A2 06 

07 

C0PI873C 



CS2 

CDPI872C 



<^" 



DATA BUS 



CS2 

CSI 

CDPI872C 



<(^ ?DATA IN 



92CS-33003 

Fig. 7-CDP1872C used as an input port and selected by CDP1673C. 



DATA IN XL 



DATA INf" 



^ 



MRO 
CDPI802 
NO Nl N2 D0-D7 



-7\ 



^ 



CS2 
)I DO 

CDPI874C 



CS3 

Dl DO 



> 



TPB- 



CS3 
CDPI875C 



> 



MEMORY 



92CS -33002 

Fig. 8'CDP1874C and CDP1875C used as input/output buffers. 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs ot RCA CMOS devices have a 
network for electrostatic protection during JiantHing.* 
Recommended handling practices for CMOS devices 
are described In ICAN-6526 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 



not cause Vdd—Vss to exceed the absolute maximum 
rating. 

input Signals 
To prevent damage to the Input protection circuit, input 
signals should never be greater than Vqd no'' 'ess than 
Vss- Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused Input terminals must be connected to either 
Vdd 0'' Vss. whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vqd or Vss f^^V damage CMOS 
devices by exceeding the maximum device dissipation. 
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1 ^ 16 


h-VoD 


Al — 


2 IS 
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A2 — 


3 14 


— 6UT 1 


rr— " 


4 13 


— OUT 2 


E2 — 


5 12 


— out 3 


E3 — 


6 II 


— OUT 4 


dUTf — 


7 10 
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Vss — 


8< 9 


— OUTS 




TOP VIEW 
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Preliminary Data CDP1873C 

CMOS 1 of 8 Binary Decoder 



Features: 

m High-speed address to output enable 

delay 100 ns (max.) at Vdd=5 V 
■ Output sink 6 mA {min.) at Vd[)=5 V 
m I/O port or memory selector 
m 3 chip-select input allows simple 
expansion 



The RCA-CDP1873C is a high-speed 1 of 8 
decoder designed for use with 
microprocessor systems that require ex- 
pansion capabilities utilizing memory or 
input/output ports with active low chip- 
select inputs. The CDP187dC has a 
recommended operating voltage range of 
4 to 6.5 volts. 

When the decoder is enabled and ad- 
dressed, one of its 8 outputs goes low. 



Enabling is controlled by 3 chip-select in- 
puts, allowing for easy system expansion. 
All outputs will be high when the decoder 
is not selected. The CDP1873C can be 
cascaded for very large systems and of- 
fers a low propagation delay that reduces 
memory-access time requirements in 
those designs where delays are critical. 

The CDP1873C Is supplied in hermetic 
16-lead dual-in-line ceramic (D suffix) and 
plastic (E suffix) packages. 



TRUTH TABLE 



3T08 
DECODER 



ENABLE 
GATING 



K3- 





IS 




!i- 

-s- 


HIGH 
CURRENT 
OUTPUT 
BUFFERS 




7 



OUTO 
OUT I 
OUT 2 
OUT 3 

6uT4 

6UT"5 
OUTI 

oOTt 



Fig. 1 ' CDP1873C functional diagram. 



ADDRESS 


ENABLE 


OUTPUTS 


AO Al A2 


Si S E3 


12 3 4 5 6 7 


L L L 
H L L 
L H L 
H H L 
L L H 
H L H 
L H H 
H H H 
XXX 
XXX 
XXX 


L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
XXL 
H X X 
X H X 


L H H HHHH H 
HLHHHHHH 
HHLHHHHH 
HHHLHHHH 
HHHHLHHH 
HHHHHLHH 
HHHHHHLH 
HHHHHHHL 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 



H = High level 
X = Don't care 



L = Low level 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpo) 
(Voltage referenced to Vss terminal) -0.5 to 4-7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.6 to Vqd +0.6 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=-40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta=+60 to 4-85*'C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta=-55 to -f-100''C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to +125*'C (PACKAGE TYPE D) Derate Linearly at 12 mW/«C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125**C 

PACKAGE TYPE E -40 to +85«C 

STORAGE-TEMPERATURE RANGE (Tstg) -66 to +160*C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) from case for 10 s max +265* C 



STATIC ELECTRICAL CHARACTERISTICS at Ta= ~40 to +85X, except as noted 



CHARACTERISTIC 


CONDITIONS 1 


LIMITS 


UNITS 


vo 

(V) 


V|N 

(V) 


Vdd 

(V) 


CDP1873C 


Min. 


Typ.* 


Max. 


Quiescent Device 
Current, IpD 




0,5 


5 


— 


5 


50 


mA 


.Output Low Drive 

(Sink) Current, 

lOL 


0.4 


0,5 


5 


6 


12 




mA 


Output High Drive 

(Source) Current, 

'OH 


4.6 


0,5 


5 


-4 


-7 


— 


mA 


Output Voltage 
Low-Level, 
VOL^ 


— 


0,5 


5 







0.1 


V 


Output Voltage 
High Level, 
VOH^ 


— 


0,5 


5 


4.9 


5 


— 


Input Low Voltage, 
V|L 


0.5, 4.5 


— 


5 


— 


— 


1.5 


V 


Input High Voltage, 
V|H 


0.5, 4.5 


— 


5 


3.5 


— 


— 


Input Leakage 
Current, I|n 


Any 
Input 


0,5 


5 


— 


~ 


±1 


mA 


Operating Current, 
lDD1* 


- 


0,5 


5 


-- 


2 


3 


mA 


Input Capacitance, 
C|N 


— 


- 


— 


— 


20 


— 


PF 



*Typlcal values are for Ta = 25°C and nominal voltage, VpD- 

^Iol = Ioh = 1mA. 

Operating current is measured at 200 kHz for Vdd=5 V and 400 kHz for Vdd=10 V, with 

open outputs (worst-case frequencies for CDP1 802A system operating at maximum speed of 3.2 MHz). 
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OPERATING CONDITIONS at Ta = FuII Package Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1873C 


Min. 


Max. 


DC Operating Voltage Range 


4 


6.5 


V 


Input Voltage Range 


vss 


Vdd 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= -40 to +85''C, Vdd= ±5%, 
V|H = 0.7 Vdd. V|l = 0.3 Vdd, tr,tf = 10 ns, Cl = 100 pF 



CHARACTERISTIC 


Vdd 

(V) 


LIMITS 


UNITS 


CDP1873C 


Typ. 


Max. 


Propagation Delay Time: 
Address to Output t ao 


5 


65 


100 


ns 


Enable to Output tEO 


5 


65 


90 


Minimum Pulse Widths: 
Address tAA 


5 


30 


50 


Enable tEE 


5 


40 


70 



Note 1: Maximum limits of minimum characteristics are the values above which all 

devices function. 
Note 2: Typical values are for Ta = 25''C and nominal voltage, Vqd- 



I 



OUTPUT 



-♦aa- 



/ C-^i ) f-i 



B 



)LIZ)( 



>e 



1 / 
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Fig. 2 - Timing waveforms. 
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DATA > VIA 
1 / 61 INSTRUCTIONS 



OUTPUT 
DATA > VIA 

62 INSTRUCTIONS 




PUT 
VIA 
NSTRUCTIONS 



NPUT 
DATA/ VIA 

6A INSTRUCTIONS 



MEMORY 

Fig. 3 ■ N-line decoded in a one-ievel I/O system. 



AO 
A7 



^ 



AI3 
AI2 
All 



A9 

AS 

CSI.CSZ 



^TO IK 
'^MEMORY 
^ADDRESS 
LINES 



vdd 



00 

m 

07 



'TO IK MEMORY 
*" CHIP SELECTS 



5-rii 

L. P2 



CD 
5T 

XSl 

CDPI873C (^ 

55 



-►TO IK MEMORY 
_^ CHIP SELECTS 
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Fig. 4 ' 16-l< memory-select using the CDP1873C with the CDP1874C as an address latch. 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for CMOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be talcen 
to avoid or suppress power supply turn- 
on and turn-off transients, power supply 
ripple, or ground noise; any of these 



conditions must not cause Vdd~Vss to 
exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input pro- 
tection circuit, input signals should never 
be greater than Vcc "or less than Vss- 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused inputs 
A connection must be provided at every 
input terminal. All unused input terminals 
must be connected to either Vcc o'" 
Vss» whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vqd. Vqc or Vss 
may damage CMOS devices by ex- 
ceeding the maximum device dissipation. 
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Preliminary Data CDP1877, CDP1877C 

Programmable Interrupt Controller (PIC) 







CASCADE -J 


1 28 


-vdo 


IR7- 


2 27 


— BUS 7 


IR6- 


3 26 


— BUS 6 


m-- 


4 25 


-BUSS 


m- 


5 24 


— BUS4 


m-- 


6 23 


-BUS 3 


I-W5- 


7 22 


— BUS 2 


IRI- 


8 21 


-BUSI 


IRO — 


9 20 


— BUSO 


TPA — 


10 19 


- CS/Ax 


TPB — 


II 18 


— CS/Ay 


MWR — 


12 17 


-CS 


MRD — 


13 16 


-CS 


vss- 


14 15 


-rINT 




TOP VIEW 
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TERMINAL ASSIGNMENT 



Features: 

■ Compatible with CDP1B00 series 

■ Programmable long branch vector address and 
vector Interval 

■ 8 levels of interrupt per chip 

■ Easily expandable 

■ Latched Interrupt requests 

■ Hard wired interrupt priorities 

■ Memory mapped 

■ Multiple chip select Inputs to minimize 
address space requirements 



The RCA-CDP1877 and CDP1877C* are programmable 8- 
level interrupt controllers designed for use in CDP1800- 
series microprocessor systems. They provide added 
versatility by extending the number of permissible 
interrupts from 1 to N in increments of 8. 

When a high to low transition occurs on any of the PIC 
interrupt lines (rRU"to FRT), it will be latched and, unless the 
request is masked, It will c ause the INTE RRUPT line on the 
PIC and consequently the INTERRUPT input on the CPU to 
go low. 

The CPU accesses the PIC by having interrupt vector 
register R(1) loaded with the memory address of the PIC. 
After the interrupt S3 cycle, this register value will appear at 
the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the 
interrupt request latch bit to accept a new high-to-low 
transition, and also causes the PIC to issue a long branch 
instruction (CO) followed by the preprogrammed vector 
address written into the PIC's address registers, causing the 
CPU to branch to the address corresponding to the highest 
priority active interrupt request. 

'Formerly RCA-Dev. Type No. TA10911 and TA10911C, 
respectively. 

Programmable Interrupt Controller (PIC) Programming Model 



BUS 7 












BUSO 


A15 


A14 


A13 


PAGE REGISTER 
A12 1 A11 


A10 


A9 


A8 


BUS 7 












BUSO 


B7 


B6 


B5 


CONTROL REGISTER 
B4 1 B3 


B2 


B1 


80 


BUS 7 












BUSO 


M7 


M6 


M5 


M4 1 M3 


M2 


Ml 


MO 


BUS 7 












BUSO 


S7 


S6 


S5 


STATUS REGISTER 
S4 1 S3 


S2 


SI 


SO 


BUS 7 












BUSO 


P7 


P6 


P5 


POLLlN^ii ft^CSIStEA 
P4 1 P3 


P2 


PI 


PO 



If no other unmasked interrupts are pending, the 
INTERRUPT output of the PIC will return high. When an 
interrupt is requested on a masked interrupt line . It will be 
latched but it will not cause the PIC INTERRUPT output to 
go low. All pending Interrupts, masked and unmasked, will 
be Indicated by a "1" In the corresponding bit of the status 
register. Reading of the status register will clear all pending 
interrupt request latches. 

Several PICs can be cascaded togethe r by connec ting the 
INTERRUPT output of one chip to the CASCADE input of 
another. Each cascaded PIC provides 8 additional interrupt 
levels to the system. The number of units cascadable 
depends on the amount of memory space and the extent of 
the address decoding in the system. 

Interrupts are prioritized in descending order; lR7 has the 
highest and JTO has the lowest priority. 

The CDP1877 and CDP1877C are functionally identical. 
They differ in that the CDP1877 has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1877C has a recommended operating voltage range of 
4 to 6.6 volts. These types are supplied in 28-lead dual-in- 
line ceramic packages (D suffix), and 28-lead dual-in-line 
plastic packages (E suffix). 



WRITE ONLY 



WRITE ONLY 



WRITE ONLY 



READ ONLY 



READ ONLY 



I 
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RCA CMOS LSI Products 

CDP1877, CDP1877C 

MAXIMUM HATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpo) 

(VoltagiB referenced to Vss terminal) 

GDP1877 -0.5 to +11 V 

CDP1877C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60*'C (PACKAGE TYPE E) SOO mW 

For Ta=+60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/*C to 200 mW 

For Ta=-55 to -f-100° C (PACKAGE TYPE D) 500 mW 

For Ta=-MOO to 125''C (PACKAGE TYPE D) Derate Linearly at 12 mW/«C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125°C 

PACKAGE TYPE E -40 to +85*'C 

STORAGE-TEMPERATURE RANGE (Tgtg) -65 to +150''C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s max +265*0 



STATIC ELECTRICAL CHARACTERISTICS at Ta=-^ 


10 to -i-85''C, Vdd ±5%, Except as noted 








CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vq 

(V) 


V|N 
(V) 


Vdd 

(V) 




CDP1877 




::dpi877 


P 


Min. 


Typ- 


Max. 


Min. 


Typ.- 


Max. 


Quiescent Device 
Current IpD 




0,5 
0, 10 


5 
10 


~ 


0.01 

1 


60 
200 


— 


0.02 


200 


M 


Output Low Drive 
(Sink) Current Iql 


0.4 
0.5 


0,5 
0, 10 


5 
10 


1.6 
2.6 


3.2 
5.2 


I 


1.6 


3.2 


— 


mA 


Output High Drive 
(Source) Current Iqh 


4.6 
9.5 


0,5 
0, 10 


5 
10 


-1.15 
-2.6 


-2.3 
-5.2 


- 


-1.15 


-2.3 


- 


Output Voltage 
Low-Level Vql^ 


I 


0.5 
0, 10 


5 
10 


I 






0.1 
0.1 


— 





0.1 


V 


Output Voltage 
High Level Vqh* 


I 


0,5 
0, 10 


5 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— 


Input Uow 
Voltage V|l 


0.5.4.5 
0.5,9.5 


— 


5 
10 






1.5 
3 




""" 


1.5 


Input High 
Voltage V|h 


0.5,4.5 
0.5,9.5 


— 


5 
10 


3.5 
7 


__ 





3.5 


___ 


__ 


Input Leakage 
Current l|N 


Any 
input 


0,5 
0, 10 


5 
10 


— 


— 


±1 

±2 


— 


— 


±1 


M 


3-State Output Leakage 
Current 'OUT 


0,5 
0, 10 


0,5 
0, 10 


5 
10 




±10-4 
±10-4 


±1 
±10 


— 


±10-4 


±1 


Input Capacitance C|n 


— 


— 


— 




5 


7.5 


— 


5 


7.5 


PF 


Output Capacitance Cqut 


- 


— 


- 


— 


10 


15 


— 


10 


15 


Operating Device 

Current •OPER# 






5 
10 


: 


0.5 

1.9 


1.0 
3.0 


— 


0.5 


1.0 


mA 



*Typical values are for Ta=25*'C and nominal Vqd. *Iol='IOH=1 M. 
* Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 
one PIC access per instruction cycle. 
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OPERATING CONDITIONS at Ta=FuII Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1877 


CDP1877C 


MIn. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


vss 


vdd 


Vss 


Vdd 




CA/AyQ 



> WRITE PAGE REGISTER 
■►WRITE CONTROL REGISTER 

► WRITE MASK REGISTER 
■►READ STATUS REGISTER 
►> READ POLLING REGISTER 



READ LONG BRANCH 



CASC(3- 




READ 

STATUS 

REGISTER 



WRITE 

MASK 

REGISTER 



INTERRUPT 

^^ LATCH/ 

IR7 O STATUS 

_ X REGISTER 

IRgQ— 

m^O— 

TWlO— 
11(5 O— 



MASK 
REGISTER 



O-^^ 



WRITE 

PAGE 

REGISTER 



READ 
LONG BRANCH 



PRIORITY 
ENCODER/ 

VECTOR 

ADDRESS 

GENERATION 



^/A(//////)^/////^^ 



W 



x 



X 



HIGH 
VECTOR 
ADDRESS 



READ 
POLLING 
REGISTER 



^ 



z 



EN 

LOW VECTOR 

ADDRESS 

UPPER BITS 



LONG 

BRANCH 

INSTRUCTION 

GENERATE 

LOGIC 



/ 



I 



MWR MRD 
ii 



V/////////////// 



CONTROL REGISTER 



WRITE 
4— CONTROL 
REGISTER 



DATA 

BUS 

BUFFERS 



— Qbuso 

— O^*^^' 
— Qbusz 

— ObUS3 
— QbUS4 

— Qbuss 

O^^^''' 



fig. 1 - Functional diagram for C DPI 877. 
Functional Definitions for CDP1877 and CDP1877C Terminals 
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TERMINAL 


USAGE 


TYPE 


vdd-vss 


Power 




BUSO— BUS? 


Data bus— Communicates information to and from CPU 


Bidirectional 


IRO— IR7 


Interrupt Request Lines 
Interrupt to CPU 


Input 
Output 


INTERRUPT 


MRD, MWR 


Read/Write controls from CPU 


Input 


TPA, TPB 


Timing pulses from CPU 


Input 


CS, OS 


Chip selects. Enable Chip if valid during TPA 


Input 


CS/Ax. OS/Ay 


Used as a Chip Select during TPA and as a Register address during 
Read/Write Operations 


Input 
Input 


CASCADE 


Used for cascading several PIC units. The INTERRUPT output from a higher 
priority PIC can be tied to this input, or the input can be tied to VDDif cascading 
is not used. 
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CDP1877, CDP1877C 

PIC Prograifiming Model 

INTERNAL REGISTERS 

The PIC has three write-only programmable registers and 
two read-only registers. 



Page Register 

This write only register contains the high order vector 
address the device will issue in response to an interupt 
request. This high-order address will be the same for any of 



the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 



BUS 7 












BUSO 


A15 


A14 


A13 


PAGE REGISTER BITS 
A12 1 A11 


A10 


A9 


A8 



WRITE ONLY 



Control Register 

The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 



interrupt request. The lower nibble is used for a master 
interrupt reset, master mask reset and for interval select. 



BUST 



BUSO 



B7 



B6 



B5 



r^m 



CONTROL REGISTER BITS 
B4 I B3 



B2 



B1 



BO 



? r 



WRITE ONLY 



INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 



Biti 


BitO 


Interval 








2 





1 


4 


1 





8 


1 


1 


16 









. MASTER MASK RESET 

RESETS ALL MASK REGISTER BITS 

1 NO CHANGE 



MASTER INTERRUPT RESET 

RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 

1 NO CHANGE 

• SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 



THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 



INTERVAL SELECTED- 
NO. OF BYTES 

2 
4 
8 
16 



BIT 87 

SETS A7 
SETS A7 
SETS A7 
SETS A7 



LOW ADDRESS BITS 
BIT B6 BIT B5 



SETS A6 

SETS A6 

SETS A6 

X 



SETS A5 
SETS A6 

X 

X 



BITB4 

SETA4 
X 
X 
X 



X=DONT CARE 

NOTE: All DON'T CARE Addresses and Addresses A0-A3 are determined by interrupt request. 
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Mask Register 

A "1" written into any location in this write only register will 
mask the corre sponding interrupt request line. All interrupt 
inputs (except CASCADE) are maskable. 



ISOO-Series Peripherals 



CDP1877, CDP1877C 



BUS 7 












BUSO 


M7 


M6 


M5 


MASK BITS 
M4 1 M3 


M2 


Ml 


MO 



WRITE ONLY 



Status Register 

In this read only register a "1" will be present in the 
corresponding bit location for every masked or unmasRed 
pending interrupt. 



BUST 














BUSO 


S7 


S6 


S5 


STATUS BITS 
S4 S3 


S2 


SI 


SO 



READ ONLY 



Polling Register 

This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique, rather than interrupt servicing, is used. 



BUS 7 












BUSO 


PI 


P6 


P6 


POLLING BITS 
P4 1 P3 


P2 


P1 


PO 



I 



READ ONLY 



RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 

The PIC'S response to interrogation by the CPU Is always 3 
bytes long, placed on the data bus in consecutive bytes in 
the following format: 

First (Instruction) Byte: 

LONG BRANCH INSTRUCTION - CO (Hex) 



BUS 7 














BUSO 


1 


1 





















Second (High-Order Address) Byte 

This byte is the High-Order vector Address that was written 
into the PiC's Page Register by the user. The PIC does not 
alter this value in any way. 

High-Order Vector Address 



BUS 7 














BUSO 


A15 


A14 


A13 


A12 


A11 


A10 


A9 


A8 
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Third (Low-Order Address) Bytes 

INTERVAL 2 
BUS 7 


BUSO 






A7 


A6 


« « yA(y//////y///A 









INTERVAL A 
BUS 7 




BUSO 






A7 


A6 


A5 


VA(y//A<y//A/A 












INTERVAL 8 
BUS 7 




BUSO 






A7 


A6 


%^. 

















INTERVAL 1 
BUS 7 


6 


BUSO 






A7 


y/j//. 


VV1V 


V//A 




















Indicates active interrupt input number (binary to 7). 








M^ 





Bits indicated by Ax (x=4 to 7) are the same as programmed 
into the Control Register. All other bits are generated by the 
PIC. 



REGISTER ADDRESSES 

In order to read/write or obtain an interrupt vector from any CS/Ax and CS/Ay are multiplexed addresses; both must be 

PIC in the system, ail chip selects (CS/Ax, CS/Ay, CS, CS) high during TPA, and set according to this table during TPB 

must be valid during TPA. to access the proper register. 



CS/Ax 


CS/Ay 


RD 


WR 


ACTION TAKEN 


1 








1 


READ Long Branch Instruction and vector for highest priority unmasked 
interrupt pending. 


1 





1 





WRITE to Page Register 





1 


1 





WRITE to Control Register 











1 


READ Status Register 








1 





WRITE to Mask Register 





1 





1 


READ Polling Register (Used to identify INTERRUPT source If Polling tech- 
nique rather than INTERRUPT service is used.) 


1 


1 


X 


X 


Unused condition 
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PIC Application Examples 

Example I— Single PIC Application 

Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of Interrupt control. 



MA 7 
MA 6 
MAS 
MA4 

ii^ 

JMRO 
TPA 
TPB 
INT 

BUS 



^ 



CS/Ax 
CS/Ay 
CS 
CS 

MWR 
MRD 
TPA 
TPB 
INT 

BUS 



-IR7 

-Fr? 
-Frs 

-IR4 

-\HZ 
-TR2 
- IRI 
-IRO 
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Fig. 2 - PIC and CPU connection diagram. 



Programming 

Programming the PIC consists of the following steps: 

1. Disable interrupt at CPU. 

2. Reset Master Interrupt Bit, B3, of Control Register, 

3. Write a "1" into the Interrupt Input bit location of the 
Mask Register, if masking is desired. 

4. Write the High-Order Address byte into the Page 
Register. 

5. Write the Low-Order Address and the vector interval 
into the Control Register. 

6. Program R(1) of the CPU to point to the PIC so that the 
Long Branch instruction can be read from the PIC 
during the Interrupt Service routine. 



I 



Values for Example I with LOCATION 8400 arbitrarily 
chosen as the Vector Address with interval of eight bytes, 
IR4 pending, Is shown in Table I. 

In deriving the above addresses, all DON'T CARE bits are 
assumed to be 0. 

When an INTERRUPT (IR4) is received by the CPU, it will 
address the PIC and will branch to the interrupt service 
routine. 

The three bytes generated by the PIC will be: 
1st Byte=COH 
2nd Byte=84H 
3rd Byte=EOH 



Table I — Register Address Values 



REGISTER 


REGISTER ADDRESS 


OPERATION 


DATA BYTE 


MASK 


EOOOH 


WRITE 


ooh 


CONTROL 


E040H 


WRITE 


CEh 


PAGE 


E080H 


WRITE 


84h 


STATUS 


EOOOH 


READ 


10h 


POLLING 


E040H 


READ 


20h 


R(1) (IN CPU) 


E080H 


— 


— 
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Example II— Multi-PIC Application 

Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 



MA7 
MA6 
MA9 
MAI 
MAO 

TPA 
TPB 

m 

BUS 



CDPI802 



C 



:> 



CS/Ax 
CS/Ay 
CS 
55 

Wflfi 

mb 

TPA 

TPB 



PIC I 

CDPI877 



esse 

7R7 
IR6 

rR4 

TWl 

-m 

Tro 



+ v 



J 



HIGHEST 
PRIORITY 
INTERRUPT 



-N 

V 



CS/Ax C5SC 
CS/Ay 



CS 
CS 
KiwlR 

MRD 
TPA 
TPB 
INT 



•m 

TR6 
TR5 

jm 

TR3 
TR2 

TrI 



BUS 
CDPI877 



- LOWEST 
PRIORITY 
INTERRUPT 



92CM-34375 



Fig. 3 - PICs and CPU connection diagram. 



Register Address Assignments 

The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 

The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1H FOR X=0) 

PIC 2=111XXX10 (E2h for X=0) 

The R(1) vector address is unchanged. This address will 
select both PICs simultaneously ■(1P^(1).1=111XXX00=E0h). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 

Additional PIC Application Comments 

The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

■ The 2-byte interval allows one to dedicate a full page to 
interrupt servicing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

■ The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the Interrupt service 



routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 
■ The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further if all 8 INTERRUPTS are not required. Thus a 4- 
level interrupt system could use alternate W Inputs, 
and expand the Interval to 1 6 and 32 bytes, respectively. 

The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 


-40to+85*»C,VDD±5% 


, tr,tf=20 


ns, 








CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


CDP1877 


CbP1877C 


MIn. 


-^yp' 


Max. 


MIn. 


Typ.- 


Max. 


Address to TPA Setup Time tAS 


5 
10 


60 
40 




— 


60 




— 


ns 


Address to TPA Hold Time tAH 


5 

10 


60 
40 


— 


— 


60 


— 


— 


Data Valid after TPB toTPB 


5 
10 


370 
210 


310 


— 


370 


— 


— 


Data Hold Time from Write tHW 


5 
10 


30 
40 


: 


— 


30 


■"" 


— 


Address to Valid Data Access Time tpR 


5 
10 


— 


340 

126 


490 
230 


— 


340 


490 


Data Setup Time to Write tpsu 


5 
10 






— 


— 





— 


— 


Address Hold from TPB tHTPB 


5 
10 


80 
40 


""■ 


— 


80 


— " 


— 


Minimum MWR Pulse Width tMWR 


5 
10 


130 
60 


I 


__ 


130 


_ 


~~" 


Minimum 7R"Puise Width tjpx 


5 
10 


130 
60 


— 





130 


— 


— 



Typical values are for Ta=26''C and Vpo ±5%. 



MEMORY ADDRESS 



DATA FROM PIC TO 8US 



RfWn 



DATA PROM BUS TO PIC 



Trx 




I 



92CM-34e04 



Fig. 4 - Timing waveforms for CDP1877, 
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INT 


1 


28 


VoD 


TAO 


2 


27 


— DB7 


TAO 


3 


26 


DB6 


TAG 


"4 


25 


DB5 


TACL 


5 


24 


— DB4 


RD — 


6 


23 


DB3 


X-O/MEM-^ 


7 


22 


DB2 


TPB/WR 


8 


21 


DBI 


TPA 


9 


20 


DBO 


CS — 


10 


19 


TBO 


AO 


II 


18 


TB?5 


Al 


12 


17 


TB6 


A2 


13 


16 


TBCL 


vss 


14 


15 


RESET 




TOP 


VIEW 






9203-34626 1 


TERMINAL ASSIGNMENT 



Objective Data 

CMOS Dual Counter-Timer 

Features: 

■ Compatible with general-purpose and 
CDPISOO-series microprocessor systems 

■ Two 16-bit down-counters and two B-bit 
control registers 

■ 5 modes including a versatile 
variable-duty cycle mode 

■ Programmable gate- level select 

■ Two-complemented output pins for 
each counter-timer 

■ Software-controlled interrupt output 

■ Addressable in memory space or 
CDPIdOO-series I/O space 



The RCA-CDP1878 and CDP1878C^ are dual counter- 
timers consisting of two 16-blt programmable down 
counters that are independently controlled by separate 
control registers. The value in the registers determine the 
mode of operation and control functions. Counters and 
registers are directly addressable in memory space by any 
general-industry-type microprocessors, in addition to 
input/output mapping with the CDP1800-series micropro- 
cessors. 

Each counter-timer can be configured in five modes with 
the additional flexibility of gate-level control. The control 
registers in addition to mode formatting, allow software 
start and stop, interrupt enable, and an optional read 
control that allows a stable readout from the counters. Each 



Table I - Mode Description 



counter-timer has software control of a common interrupt 
output with an interrupt status register indicating which 
counter-timer has timed out. 

In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 

The CDP1878 and CDP1878C are functionally identical. 
They differ in that the CDP1878 has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1878C has a recommended operating voltage range of 
4 to 6.5 volts. These types are supplied in 28-lead dual-in- 
line ceramic packages (D suffix), and 28-lead dual-in-line 
plastic packages (E suffix). 



^Formerly RCA Dev. Type No. TA10981 and TA10981C, respectively. 



Mode 


Function 


Application 


1 


Timeout 


Outputs change when clock decrements counter to "0" 


Event counter 


2 


Timeout Strobe 


One clockwide output pulse when clock decrements 
counter to "0" 


Trigger pulse 


3 


Gate-Controlled One Shot 


Outputs change when clock decrements counter to "0". 
Retriggerable 


Time-delay generation 


4 


Rate Generator 


Repetitive clockwide output pulse 


Time-base Generator 


5 


Variable-Duty Cycle 


Repetitive output with programmed duty cycle 


Motor control 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) 

CDP1878 -0.5 to +11 V 

CDP1878C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For TA=-40to+60''C (PACKAGE TYPE E) 500 mW 

For Ta=+60 to +85* C (PACKAGE TYPE E) Derate Linearly at 12 mW/*C to 200 mW 

For Ta«-55 to +100*C (PACKAGE TYPE D) 500 mW 

For Ta=+100 to 125*0 (PACKAGE TYPE D) Derate Linearly at 12 mW/*C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta'^FULL PACKAGE-TEMPERATURE RANGE (All Package ty^res). .v. 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED -55 to +125*0 

PACKAGE TYPE E -40 to +85*0 

STORAGE-TEMPERATURE RANGE (Tgtg) ~65 to +150*0 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 In, (1 .69 ± 0.79 mm) from case for 10 s max. +265*0 



STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to ^SS^" 0> VDD ±5%, Except as notad 








CHARACTERISTIC 


CC 


^NDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


(V) 


CDPiers 


COP1878C 


Mln. 


Typ* 


Max. 


Mln. 


Typ.* 




Quiescent Device Current Idd 


- 


0.5 
0,10 


5 
10, 


~ 


0.01 
1 


50 
200 


- 


0.02 


200 


M 


Output Low Drive 
(Sink) Current lOL 


0.4 
0.5 


0,5 
0,10 


5 
10 


1.6 


3.2 
5.2 


— 


1.6 


3.2 


— 


mA 


Output High Drive 
(Source) Current Iqh 


4.6 
9.5 


0.6 
0,10 


5 
10 


-1.15 
-2.6 


-2.3 
-5.2 


— 


-1.15 


-2.3 


— 


Output Voltage 
Low-Level Vql* 


: 


0,5 
0,10 


5 
10 


: 






0.1 
0.1 


I 





0.1 


V 


Output Voltage 
High Level Vqh* 


— 


0,5 
0,10 


6 
10 


4.9 
9.9 


5 
10 


— 


4.9 


5 


— ■ 


Input Low Voltage V)i_ 


0.5, 4.5 
0.5, 9.5 


— 


5 
10 


— 


— 


1.6 
3 


— 


— 


1.5 


Input High Voltage Vih 


0.5, 4.5 
0.5, 9.5 


— 


5 
10 


3.6 
7 


— 


— 


3.5 


— 


— 


Input Leakage Current l|}sj 


Any 
Input 


0.5 
0,10 


6 

10 


— 


— 


±1 
±2 


— 


— 


±1 


M 


Operating Current 'ODI^ 


— 


0,5 
0.10 


5 
10 


•^ 


1.5 
6 


3 
12 


— 


1.5 


3 


mA 


Input Capacitance C|n 


— 




— 


— 


5 


7.5 


— 


5 


7.5 


Pf 


Output Capacitance Cqut 


— 


— 


— 


— 


10 


15 


— 


10 


15 



•Typical values are for Ta=26* C and nominal Vop. *'OL"'OH- 1 M. 

^Operating current is measured at 200 kHz for Vdd=5 V and 400 kHz for Vod= 
CDP1802A system operating at maximum speed of 3.2 MHz). 



I 



10 V, with open outputs (worst-case frequencies for 
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OPERATING CONDITIONS at Ta=FuII Packag«-Temperature Range. For maximum reliability, 
operating condlHona should be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1878 


CDP1878C 


MIn. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


vss 


Vdd 


Vss 


Vdd 


Maximum Clock Input Rise or 
Fall Time tf.tf 




5 




5 


AfS 


Minimum Clock Pulse Width twL. tWH 


200 


— 


200 


— 


ns 


Maximum Clock Input Frequency, fCL 


DC 


2 


DC 


2 


MHz 




o 



JAM 
REGISTER A 



COUNTER A 4-H--> 



HOLDING 
REGISTER A 



V 



CONTROL REGISTER A 
AND MODE CONTROL 



► TAO 

► TTTO 



INT AND 
STATUS REGISTER 



> 



JAM 
REGISTERB 



HOLDING 
REGISTER B 



COUNTER B U i fc CONTROL REGISTER B 
■^ "^ "' AND MODE CONTROL 



TVT 



TBO 
TBO 



Fig. 1 - Functional diagram CDP1878 and CDP1878C. 



Functional Definitions for CDP1878 anir^P1878C Terminals 



TERMINAL 


USAGE 


TERMINAL 


USAGE 


vdd-vss 


Power 






DB0-DB7 


Data to and from device 


CS 


Active high input that enables device 


TPB/WR, IT5 


Directional control signals 


TnT 


Low when counter is "0" 


A0,A1,A2 


Addresses that select counters 


RESET 


When active, TAG, TBG are low. 




or registers 




TAb, tE& are high. Interrupt status 


TACL, TBCL 


Clocks used to decrement counters 




register is cleared 


TAG, TBG 


Gate inputs that control counters 


l-G/MEM 


Tied high in CDP1800 input/output 


TAG, TAG 


Complemented outputs of Timer A 




mode, otherwise tied low 


TBG, TBG 


Complemented outputs of Timer B 






TPA 


Used with CDP1800-series processors, 
tied high ottierwise 
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REGISTER TRUTH TABLE 



ADDRESS 


ACTIVE 


REGISTER OPERATION 


A2 


A1 


AO 


TPB/WR 


RD 


1 







X 




Write Counter A MSB 


1 








X 


Read Counter A MSB 









X 




Write Counter A LSB 











X 


Read Counter A LSB 


1 






X. 




Control Register A 


1 






X 




Write Counter B MSB 


1 








X 


Read Counter B MSB 









X 




Write Counter B LSB 











X 


Read Counter B LSB 


1 






X 




Control Register B 


1 








X 


interrupt Status Register 


1 








X 














Not Used 














Not Used 



PROGRAMMING MODEL 



Counter A Registers 



I II I i I. I 

CONTROL REGISTER 

i J I I I I I 



I I I I 1 t ! 
HOLDING REGISTER LSB 

I I I I L I 1 



READ ONLY 



I t I I I I I 
HOLDING REGISTER MSB 

I I 1 III 



1 I t t I I I 
JAM REGISTER LSB 

I II I I I I 



WRITE ONLY 



f— , 1 — I , p 

JAM REGISTER MSB 

I I I I I I I 



Counter B Registers 



t r T— I — I — I — r 

CONTROL REGISTER 

■ III i 1 I I 



WRITE ONLY 



\ 1 1 1 1 1 T— 

HOLDING REGISTER LSB 



READ ONLY 

-1 — I — r-r 



1 — I — I — r-| — r 

HOLDING REGISTER MSB 

1 I I 1 1 1 



-] — I — n — r-\ — r 

JAM REGISTER LSB 

I I 1 i I I L 



WRITE ONLY 



-1 — I — I — I — rn — r 

JAM REGISTER MSB 

I I I I I I L 



I 



Interrupt Status Register 








BUS 7 




BUSO 




X 


X 




















TIMER t 


J ' 




READ ONLY 




TIMER B 
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Functional Description— See Fig. 1 

The dual counter-timer consists of two programmable 16- 
blt down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 

Each counter-timer consists of three parts. The first is the 
counter itself, a 1 6-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 

When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit In the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic c^iange of the complemented 
output pins. 

In addition to the clock input used to decrement the 
counter, a gate input is available ib enable or initiate 
operation. The counter-timers are Independent and can 
have different mode operations. 

Write Operation 

The counters a;id registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 



required value (most significant and least significant byte 
In any order), and then the control register be accessed and 
loaded_with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register and cause the counter to be jammed with Its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks until it reaches zero. The output levels 
will then change, and if enabled, the interrupt output will 
become active and the appropriate timer bit will be set In 
the interrupt status register. The interrupt output and the 
interrupt status register can be cleared (to their inactive 
state) by addressing the control register with the TPB/WR 
line active. For example, if counter A times out, control 
register A must be accessed to reset the interrupt output 
high and reset the timer A bit in the status register low. 
Timer B bit in the status register will be unaffected. 

Read Operation 

Each counter has a holding register that Is continuously 
being updated by the counter and Is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register Is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a "1 " Into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter's operation. 

The interrupt status register is read by addressing either 
control register with the RD line active. A "1" In bit 7 
indicates Timer A has timed out and a "1" In bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 



Control Register 



7 


6 


5 


4 


3 


2 


1 






4 M t 



Jam Enable 
1=Enabled 
0= Disabled 



Holding Register Control 
1= Freeze Holding Register - 
0= Update Continuously 



Start/Stop Control 
1=Start Counter 
0=Stop Counter 



Gate Level Select 

- 1=Posltlve (High) 

0= Negative (Low) 





Mode Select 




001=Mode1 


1=Enabled 


010-Mode 2 


0= Disabled 


*011=Mode3 




100=Mode 4 




101=Mode5 




*Plus Bit 7=0 



Bits 0, 1 and 2 — Mode Selects— See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 





Bit 7 


Bit 2 


BItl 


BItO 


Mode 1 — Timeout 


_ 








1 


Mode 2 — Timeout Strobe 


— 





1 





Mode 3 — Gate Controlled One Shot 








1 


1 


Mode 4 — Rate Generator 


— 


1 








Mode 5 — Variable-Duty Cycle 


— 


1 





1 


No Mode selected. Counter outputs unaffected. 


- 












Note: When selectin g a m ode, the timer outputs TAO and 
TBO are set low, and TAO and fTO are set high. If bits 0, 1 
and 2 are all zero's when the control register is loaded, no 



mode is selected, and the counter-timer outputs are 
unaffected. 
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Bit 3— Gate level select— All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a "1 " into this bit and 
negative (low) enabling is selected when bit 3 is "0". 

ejt 4— interrupt enable— Setting this bit to "1" enables the 
TRT output, and setting it to "0" disables it. When reset, the 
TRU' output is at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to "0", the counter's timeout will 
have no effect on the INT output. 

In mode 5, the variable-duty cycle mode, the INT pin will 
become iactive low when the MSB in the counter has 
decremented to zero. 

Bit 5— Start/stop control— This bit controls the clock input 
to the counter and must be set to "1" to enable it. Writing a 
"0" Into this location will halt operation of the counter. 
Operation will not resume lintil the bit is set to "1". 



CDP1878, CDP1878C 

Bit 6— Holding register control— Since the counter may be 
decrementing during a read cycle, writing a "1" Into this 
location will hold a stable value in the hold register for 
subsequent read operations. Rewriting a "1" into bit 6 will 
cause an update in the holding register on the next trailing 
clock edge. If this location contains a "0", the holding 
register will be updated continuously by the value in the 
counter. 

Bit 7— Jam enable— When this bit is set to "1 " during a write 
to the control register, the value in the jam register will be 
placed into the cou nter. T he count er outputs TAO and TBO 
will be set high and TAO and TBO will be set low on the next 
trailing clock edge. Setting this bit to "0" will leave the 
counter value unaffected. This location should be set to "0" 
any time a write to the control register must be performed 
without changing the present counter value. Writing a "1" 
into bit 7 and zeros into bits 0, 1 and 2 (mode selects) will 
load the counter with the value in the jam register and start 
the counter \n the mode previously selected. 

In mode 3, the hardware start is enabled by writing a "0" into 
bit 7. If a "1" Is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 



MODE DESCRIPTIONS 



Mode 


Controi Reaister 


Gate Controi 


1 


Timeout 








Selectable 
High or Low Level 
Enables Operation 




X 


X 


X 


X 


X 








1 




E 


3US 7 BUS 






I 



Mode 1: 

After the count is loaded into the jam register and the 
control register is writt en to with the jam-enable bit high, 
TXO goes high and TXO goes low. The input clock 
decrem ents t he counter. When it reaches zero, TXO goes 
low and TXO goes high, and if enabled, the interrupt output 



is set low. Writing to the counter while it is decrementing 
has no effect on the counter value unless the control 
register is subsequently written to with the jam-enable bit 
high. 



CONTROL 
REGISTER 



_r 




- .^ 



LOAD COUNT « 5 



Fig. 2 - Timeout {mode 1) timing waveforms. 
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Mode 


Control 


Register 


Qate Control 


2 


Timeout Strobe 




X 


X 


X 


X 


X 





1 







Selectable 
High or Low Level 
Enables Operation 




3US7 BUSO 



Mode 2: 

Operation of this mode is the same as mode 1, except the return to the condition of TXO high and fx& low. 
outputs will change for one clock period only and then 



3 2 I 



3 2 10 



J~LJTJnJ~LJ1J~LJ~LJnJlJn_^^ 




LOAD COUNT » 3 



WRITE TO CONTROL REGISTER WITH 
MODE SELECTS'© 
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Fig. 3 - Timeout strobe {mode 2) timing waveforms. 



Mode 



Control Register 



Gate Control 



Gate Controlled One Shot 






x 


x 


X 


X 





1 


1 



^ 



BUS 7 



BUSO 



Selectable 



Positive or Negative 
Going Edge Initiates 
Operation 



Mode 3: 

After the jam register is loaded with the required value, the 
gate edge will initiate this mode. TXO will be set high, and 
TXC will be set low. The clocl< will decrement the p ounter. 
When zero is reached, TXO will go low and TXO will be 
high, and the interrupt output will be set low. The counter is 



retriggerable: While the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 



2 I 



^u^^^^i_R_ru"Ln_rLn_ 



CONTROL 
REGISTER 



LOAD COUNT = 3 
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Fig. 4 - Gate controlled one-shot {mode 3) timing waveforms. 
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Modt 


Control Register 


Qate Control 


4 


Rate Generator 




X 


X 


X 


X 


X 


1 










Selectable 
High or Low Level 
Enables Operation 




BUST BUSO 



Mode 4: 

A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter's value, (trailing 
edge to leading edge). This model is software started with a 
write to the control register if the gate level is valid. If the 
counter is written to while decrementing, the new value will 

3 2 10 



not affect the counter's operation until the present timeout 
has concluded, unless the control register is writte n to with 
the jam-enable bit high. If the gate input (TA^Tor TBG) is 
used to start this mode. The first cycle following the gate 
going true is indeterminate. 



CONTROL 
REGISTER 



J 



J 



LOAD COUNT » 3 



Fig. 5 - Rat$ gonerators {mode 4) timing waveforms. 
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Mode 


Control Register 


Gate Control 


5 


Variable Duty Cycle 








Selectable 
High or Low Level 
Enables Operation 




X 


X 


X 


X 


X 


1 





1 






3US 7 BUS 






I 



Modes: 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N-^-l . The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 



with a duty cycle directly controlled by the value In the 
counter. The output period will be equal to LSB+MSB-^-a. 

The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 



COUNT 



CLOCK 



CONTROL 
REGISTER 



GATE 



TXO 



TNT 




LSB 



LSB 



LOAD COUNT LSB «2 AND MSB » I 

Fig. 6 " Variable-duty cycle (mode 5) timing waveforms. 

Note: 

In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 
be programmed. 
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Setting the Control Register 

The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 

The counter is addressed and the required values are 
loaded with a write operation. The control register Is 
addressed next and loaded with B9H. 



1 1 


1 


1 








1 



J 1 1 M '-r- 

L Mode 1 



Holding register continuously 
updated by counter 



Control Register=i 
1 selected 



— Positive gate enabling 
required 



- Interrupt output enabled 



The counter will now decrement with each input clock 
pulse. Assuming the counter has not decremented to zero 
and its value is to be read without affecting the counter's 
operation, a write to the control register is performed. 78H 
is loaded into the control register. 



1 1110 



Counter value 
unaffected 




Control register=78H 



Unchanged 



Counter outputs unaffected 



Freeze liolding register 



The counter is addressed and read operations are per- 
formed. 



Function Pin Definition 

DB7-DB0— 8-blt bidirectional bus used to transfer binary 

information between the microprocessor and the dual 

counter-timer. 

VoD» VsS""Power and ground for device. 

AO, A1, and A2~Addresses used to select counters or 

registers. 

TPB/WR, RD— Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (RTJ active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter- 
timer In the CDP1800-series input/output mapping mode. 



Counter-Timer 

■rd 

TPB/WR 

TPA 

Address Lines 



Microprocessor 

MRD 

TPB 

TPA 

N Lines 

and l-O/MEM to Vqd- 

During an output Instruction, data from the mem ory is 
strobed into the counter-timer during TPB when fTDIs 
active, and latched on TPB's trailing edge. Data is read from 
the counter-timer when Rd" is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 

TACL, TBCL— Clocks used to decrement thie counter. 
TAG, TBG— Gate inputs used to control counter. 
TAG, TAG — Complemented outputs of Timer A. 
TBG , TBG— Complemented outputs of Timer B. 
INT-^Common interrupt output. Active when counter 
decrem ents to zero. 

RESET— Active low s ignal that resets counter outputs 
(TAG, TBG low, TAG, TBG high). The interrupt output is 
set high a nd the status register is cleared. 
i-G/IWiEM— Tied high in CDP1 800-series input/output mode, 
otherwise tied low. 

TPA— Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1 800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1 800-series microprocessors is ex- 
ternally latched, it is connected to Vqd- 
CS— An active high signal that enables the device. 
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LINES 
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HDh 



CLOCK xtTl 

CLEAR 
MWR 
MRD 
TPA 
MAO 
MAI 
MA2 
MAT 



TACL.TBCL 



RESET 
TPB/WR 

m> 

TPA 

AO 

Al 

A2 

OS 

i-o/mTm 

INT 



COUNTER-TIMER 
DB0-DB7 



TAG 

GATE 
INPUTS 
TB6 



TIMER 
OUTPUTS 
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Fig. 7 - Typical C DPI 802 memory-mapped system. 



LATCH HI- ORDER 



T/^ADDRESS FOR CS 



DATA FROM CPU • 
TO COUNTER-TIMER 



1 



DATA LATCHED 



92CS -34634 



Fig. 8 - CDPWOO-series memory-mapping write cycle timing waveforms. 



J 



OUTPUT DRIVERS 
-ENABLED DISABLED - 



DATA FROM - 
COUNTER- TIMER 
TO CPU 



VALID DATA 



92CS-34635 

Fig. 9 - CDPWOO-series memory-mapping read cycle timing waveforms. 
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C 



ADDRESS 
LINES 



* 



CLOCK XTAL 

CLEAR 
TPA 
MRD 

TPB 
NO 
Nl 

N2 



DATA BUS 



vdd • 



TACL.TBCL 

RESET 

TPA 

R5 

TPB/WR 

AO 

Al 

A2 

CS 

l-0/i5iEM 

ij5t 



COUNTER-TIMER 
DBO - DB7 



TAG 



GATE 
INPUTS 



TBG 
TAO 
TAO 



TIMER 
OUTPUTS 
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Fig. 10- Typical CDP1 802 input/ output-mapped system. 

TPA 



'^n 



RD 



-i 



DATA FROM MEMORY . 
TO COUNTER-TIMER 



m 



^ 



DATA LATCHED 



VALID DATA 
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Fig. 11 - CDPIdOO-series input/output-mapping timing waveforms with output instruction. 



-OUTPUT DRIVERS ENABLED 



J 



-OUTPUT DRIVERS DISABLED 



I LINES 



DATA FROM 
COUNTER- TIMER ' 
TO MEMORY 



92CM- 34636 

Fig. 12 - CDP1800-series input/ output-mapping timing waveforms witti input instructioru 



348 



1800-Series Peripherals 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to •i-85<>C, Vdd=5 V ± 5%, 
Input tr,tf=10 nt; Cl=50 pF mii 1 TTL Load 



CDP1878, CDP1878C 



CHARACTERISTIC 


LIMITS 


UNITS 


Mln.t 1 Typ.' 


Max. 



Raad Cycle Times (tee Fig. 13) 



Data Access from Address tpA 


— 


350 


— 


ns 


Read Pulse Width Ird 


400 


— 


_ 


Data Access from Read tpp 


— 


250 


— 


Address Hold after Read tpH 





— 


— 


Output Hold after Read tpH 


50 


— 


— 


Chip Select Setup to TPA tcs 


50 


— 


- 



tlime required by a limit device to allow for the indicated function. 
•Typical values are for Ta=25°C and nominal Vdd- 



ADDRESS/CHIP SELECT 



h 



♦cs 



y 



DATA TO CPU 



V 



-^RD 



I 



-* RH- 



/ 



X 



■ 



Y 



92CM- 34639 



Fig. 13 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS lit Ta=-4Q to ^BS'^C, Vdd=5 V ± 5%, 
Input tr,tf=10 nr, Cl=50 pF and 1 TTL Load 



CHARACTERISTIC 



LIMITS 



Write Cycle Times (see Fig. 14) 



Min.t I Typ,* 



Max. 



UNITS 



Address Setup to Write tAS 


150 


— 


— 


ns 


Write Pulse Width twR 


150 


— 


~ 


Data Setup to Write tQS 


200 


— 


— 


Address Hold after Write tAH 


50 


— 


— 


Data Hold after Write twH 


50 


— 


— 


Chip Select Setup to TPA tcs 


50 


- 


— 



tjlme required by a limit device to allow for the indicated function. 
•Typical values are for 7^=25° C and nominal Vqd. 



ADDRESS/CHIP SELECT 



K' 



Y 
A 



^ 



DATA TO COUNTER TIMER 



I 



.r 



X 



)( 
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Fig. 14- Write cycle timing waveforms. 



OPERATING AND HANDLING CONSIDERATIONS 



1. Handling 

Ail inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended .handling practices for CMOS devices 
are described In ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions mu$t not 



cause Vdd— -VSS ^o exceed the absolute maximum 
rating. 

Input Signals 

To prevent damage to the Input protection circuit, input 
signals should never be greater than Vcc "O"' '®ss than 
Vss- Jnput currents must not exceed 10 mA even when 
the power supply is off. 

Unused inputs 

A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss. whichever Is appropriate. 
Output Short Circuits 
Shorting of outputs to Vpo. Vcc. or Vss n^^y damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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1 24 


VOO 


»KeT~ 


2 29 


— XTAL 


POWER DOWN 


3 22 


— XWL 


r5 — 


4 21 


CLOCK OUT 


l/O-MEM 


5 20 


— oer 


TPB/WR 


« 19 


DB6 


TPA — 


r 18 


DBS 


CS 


8 ir 


— 0B4 


A2 


9 16 


— DB3 


Al 


10 19 


082 


AO 


II 14 


— 081 


vss 


12 13 


D80 
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TERMINAL ASSIGNMENT 



Objective Data 

CMOS Real-Time Clock 



CDP1879, CDP1879C 



Features 

■ Time of day /calendar 

■ Reads seconds, minutes, tiours 

■ Reads day of month and month 

■ Alarm circuit with seconds, minutes or hours operation 

■ Power down mode 

■ Separate clock output selects' 1 of 15 square wave signals 

■ Interrupt output activated by clock output and/or alarm circuit 

■ Data integrity sampling for clock rollover eliminated 

■ On board oscillator 

■ One of four crystal frequency operation 

■ Addressable in memory space or CDP1800 series I/O mode 



The CDP1879 real-time clock supplies time and calendar 
information in BCD format from seconds to months. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The frequency 
of the oscillator is determined by one of four possible 
external crystals. 

The device is memory-mapped by any general-purpose 
microprocessor with the additional capability of operating 
in the CDP1800-series Input/output mode. 



The real-time clock functions as a time-of-day/calendar 
with an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 
loading alarm latches that activate an interrupt output 
through a comparator when the counter and alarm latch 
values are equal. 
CDP1879 MODES OF OPERATION 



Fifteen selectable Square-wave signals are available as a 
separate clock output signal and also activate the interrupt 
output. A status register is available to indicate the interrupt 
source. The value in an 8-bit control register determines the 
operational characteristics of the device, by selecting the 
prescaler divisor and the clock output, and controls the 
load and alarm functions. 

A transparent "freeze" circuit precludes clock rollover 
during counter and latch access times to assure stable and 
accurate values in the counters and alarm latches. 

The CDP1879 is functionally identical to the CDP1879C. 
The CDP1 879 has a recommended operating voltage range 
of 4 to 10.5 volts, and the CDP1879C has a recommended 
operating voltage range of 4 to 6.5 volts. The CDP1879 and 
the CDP1 879C are supplied in 24 lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix) and 24 lead dual- 
in-line plastic packages (E suffix). 



■ 



OPERATION 


FUNCTION 


Read 


1. Seconds, minutes, hours, date and month counters 

2. Status register to identify interrupt source 


Write 


1. Control register to set device operation 

2. Seconds, minutes, hours, date and month counters 

3. Alarm latches for alarm time 


Power Down 


Tri-state bus with active alarm or clock out circuitry for wake up control 


Interrupt 


1. Clock out as source 

2. Alarm time as source 

3. Either Interrupt can occur during normal or power down mode 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAQE RANGE, (Vpo) 
(Voltage referenced to Vss Terminal) 

CDP1879 .., -0.6 to +11 V 

CDP1879C ...-0.5to+7V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd -^0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60«C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85''C (PACKAGE TYPE E) Derate LIneary at 12 mW/»C to 200 mW 

For Ta = -55 to 1 00* C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +1 25« C (PACKAGE TYPE D) Derate LIneary at 12 mW/« C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 40 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D, H -55 to +125'C 

PACKAGE TYPE E -40 to +85''C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150*C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 Inch (1..69 ± 0.79 mm) from case for 10 s max +265*0 

TABLE I 



Control Register Bit Assignment 


b.t| 




0. Frequency 00 


32768 Hz 


1. Select 01 


1.048576 MHz 


10 


2.097152 MHz 


11 


4.194304 MHz 


2. Start/Stop 


1 = Start 




= Stop 


3. Counter/Latch Control 




"0" - Write to counter & disable alarm 


"1" = Write to and enable alarm 


4. Clock Select 




5. 0000 — disable fjs 


1000 - 62.5 ms 


6. 0001 - 488.2 fis 


1001 - 125 ms 


7. 0010 - 976.5 fjs 


1010 - 250 ms 


0011 - 1963.1 fjs 


1011 — 500 ms 


0100 - 3906.2 fjs 


1100 - sec. 


0101 - 7812.5 fjs 


1101 — min. 


0110 - 15.625 ms 


1110 — hour 


0111 - 31.25 ms 


1111 - day 



TABLE II 



Pins 




POWER DOWN 



RESET 



TABLE III 



Addresses 


A2 


A1 


AD 


Latch, Counter Seconds 





1 





Latch, Counter Minutes 





1 


1 


Latch, Counter Hours 










Counter, Day 







1 


Counter, Month 




1 





Control, Register 




1 


1 


Status Register 




1 


1 



MSB of hours counters (Bit 7) is an AM-PM bit. = AM; 
1 =PM. 



Bit 6 of hours counter controls 12/24 hr. 1 = 12 hr: 
= 24 hr. 



Status Register: Bit 7 MSB = alarm 
Interrupt Source: Bit 6 = clock 



MSB of Month Counter (Bit 7) is a Leap Year Bit ' 
1 = Yes. 



No, 
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 



LIMITS 



CDP1879 



MIn. 



Max. 



CDP1879C 



MIn. 



Max. 



UNITS 



DC Operating Voltage Range 



10.5 



6.5 



Input Voltage Range 



VSS 



vdd 



vss 



Vdd 



FREEZE 
CIRCUIT 



OSCILLATOR 



O — 
^ Vss 



AM - PM AND 
HOUR 
LOGIC 



PRESCALE 
SELECT 



CLOCK 
SELECT 



CLOCK 
AND 
INT 

LOGIC 



33 



CONTROL 
REGISTER 



^ 



t: 



INT. STATUS 
REGISTER 






1/0 
INTER- 
FACE 



v_TPA 



^I-O/MfM 



^TPB/WI? 



, RD 



, POWER DOWN 



n 



X 



ADDRESS DECODE 

AND 

CONTROL LOGIC 



T 



CALENDAR 
LOGIC 



8 -BIT DATA BUS 



V W 



COMPARATOR 



SECOND 
LATCH 



MINUTE 
LATCH 



HOUR 
LATCH 



?s_ZY-ZF 



I 



Fig. 1 - Real-time clocl< functional diagram. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta ' -40 to +85° C Voo ± Wt, Except M IWtMl 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


vo 

(V) 


V|N 
(V) 


vdd 

(V) 


CDP1879 


CDP1879C 


MIn. 


Typ.* 


Max. 


Min« 


Typ.» 


Max. 


Quiescent Device Current 'DD 


— 


0,5 
0.10 


6 
10 


— 


0.01 

1 


50 
200 


— 


0.02 


200 


M 


Output Low Drive 
(Sink) Current, Data Bus Iql 


0.4 
0.6 


0,5 
0,10 


5 
10 


1.6 
2.6 


3.2 
'6.2 


— 


1.6 


3.2 


— 


mA 


Output High Drive (Source) 
Current, Data Bus Iqh 


4.6 
9.5 


0,5 
0,10 


6 
10 


-1.16 
-2.6 


-2.3 
-6.2 


— 


-1.15 


-2.3 


_ 


Output Low Drive (Sink) 
Current, Clock Out Iql 


0.4 


0,5 


5 


600 


— 


— 


600 


— 


— 


M 


0.6 


0,10 


10 


1.2 


— 


— 


— 


— 


— 


mA 


Output High Drive (Source) 
Current, Clock Out Iqh 


4.6 


0,6 


6 


600 


— 


— 


600 


— 


— 


//A 


9.6 


0,10 


10 


1.2 


— 


— 


— 


— 


— 


mA 


Output Low Drive (Sink) 
Current, XTAL Out Iql 


0.4 


0,6 


5 


200 


— 


— 


200 


— 


— 


//A 


0.6 


0,10 


10 


400 


— 


— 


— 


— 


— 


Output High Drive (Source) 
Current, XTAL Out Iqh 


4.6 
9.6 


0,5 
0,10 


6 

10 


200 
400 


— 


— 


200 


— 


— 


M 


Output Voltage 
Low-Level Vql* 


: 


0,5 
0,10 


5 
10 


: 






0.1 
0.1 


: 





0.1 


V 


Output Voltage 
High Level Vqh* 


— 


0.5 
0,10 


5 
10 


4.9 
9.9 


6 

10 


: 


4.9 


6 


— 


Input Low Voltage V|L 


0.5, 4.5 
0.5, 9.5 





5 
10 


— 


__ 


1.6 
3 


— " 


— 


1.6 


Input High Voltage V|h 


0.5, 4.5 
0.5, 9.5 


— 


5 
10 


3.6 

7 


~~ 


~~" 


3.6 


-~ 


"~ 


Input Leakage Current 'iN 


Any 
Input 


0,5 
0,10 


5 
10 


— 


— 


±1 
±2 


— 


— 


±1 


M 


3-State Output Leakage 
Current Iqut 


0,5 
0.10 


0,5 
0.10 


5 
10 








±1 
±1 


__ 


— 


±1 


Operating Current Iddi 
External Clock 32 kHz 
2 MHz 
4 MHz 


- 


0,5 


6 


— 


20 
760 


— 


— 


20 
760 


— 


M 


«- 


1.4 


— 


— 


1.4 


— 


mA 


32 kHz 
2 MHz 
4 MHz 


- 


0.10 


10 


— 


40 


_ 


— 


— 


— 


/lA 


___ 


2 
4.5 


__ 


__ 


__ 


__ 


mA 


XTAL Oscillator 32 kHz 
2 MHz 
4 MH^ 


- 


0,5 


5 


: 


200 
660 
900 


: 


: 


200 
660 
900 


— 


//A 


32 kHz 
2 MHz 
4 MHz 


— 


0.10 


10 


— 


2.3 

3 

3.8 


- 


— 


— • 


— 


mA 


Input Capacitance C|n 
Output Capacitance ' Cqut 





— 








6 
10 


7.6 
15 


— 


6 
10 


7.5 
15 


PF 



•Typical values are for Ta = 25° C and nominal Vqd- 
*IOL = lOH = 1 M- 
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PROGRAMMING MODEL 



WRITE AND READ REGISTERS 



T I I I r 

SECONDS COUNTER 
J I i i_— L 



1 — I — I — I — r 

MINUTES COUNTER 
J I I I L 



T — I — I — I — r 

HOURS COUNTER 
J I I I L 



-I — I — I — \ — r 

DAY OF MONTH COUNTER 
J I I I L 



1 — I — I — I — r 

MONTH COUNTER 
J I I I L 



WRITE ONLY REGISTERS 

""T — I — I — \ — I — r 

CONTROL REGISTER 
—J I I ■ I I 



1 — I — I — I — I — r 

SECONDS ALARM LATCH 
J 1_J I l__L 



-I — \ — I — I — r— r 

MINUTES ALARM LATCH 

I I I J L-1 



T — I — \ — I — \ — r 

HOURS ALARM LATCH 
-I UJ I ' I 



READ ONLY REGISTER 



I I I I I r 

NTERRUPT STATUS REGISTER 
1 I I I ' ■ 



I 



REGISTER TRUTH TABLE 



ADDRESS 


ACTIVE SIGNAL 


BIT 3 
CONTROL 


REGISTER OPERATION 












A2 


A1 


AO 


TPB/WR 


RD 


REGISTER 












X 







Write Seconds Counter 












X 





Read Seconds Counter 







1 


X 







Write Minutes Counter 







1 




X 





Read Minutes Counter 


1 








X 







Write Hours Counter 


1 










X 





Read Hours Counter 


1 





1 


X 







Write Date Counter 


1 





1 




X 





Read Date Counter 


1 


1 





X 







Write Month Counter 


1 


1 







X 





Read Month Counter 





1 





X 




1 


Write Seconds Alarm Latch 





1 


1 


X 




1 


Write Minutes Alarm Latch 


1 








X 




1 


Write Hours Alarm Latch 


1 


1 


1 


X 






Write Control Register 


1 


1 


1 




X 




Read Int. Status Register 
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GENERAL OPERATION 



The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
Information (See Fig. 2). The frequency of an Intrinsic 
oscillator Is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 

The real-time clock contains seconds, minutes and hour 
write only alarm latches that store the alarm time (See Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by a clock output transition . The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read only 
interrupt status register identifies the interrupt source. 



Operational control of the real time clock is determined by 
the byte in a write only control register. The 8 bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (See Fig. 4). 

Data transfer and addressing are accomplished In two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-series microprocesso rs. Th e mode is 
selected by the level on an Input pin|(l-0/MEM). Memory 
mapping implies use of the address lines as chip selects 
and address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDPISOO-series 
microprocessors involves use of the N line outputs In 
conjunction with input and output Instructions to transfer 
data to and from memory. 
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Fig. 2 - Functional diagram - time counters highlighted. 
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Fig, 3 - Functional diagram - alarm circuit, clock output, interrupt, and status registers highlighted. 
OPERATIONAL SEQUENCE 



Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pin Is set high 
and with address 7 on the address Input lines, the control 
register Is loaded via the data bus to configure the clock. 

With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current "wall 
clock" time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again. This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock- 
out signals. 

If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes 
and hour counters. 

If one of the 1 5 sub second-to-day clock outputs Is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 



output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing the correct value 
in the control register If the alarm function is selected as the 
only interrupt source. 

COUNTERS (See Fig. 2) 

The counter section consists of an on-board oscillator, a 
prescaler and 5 counters that hold the time of day/calendar 
information. 

1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1 .048576 MHz, 2.097152 
MHz, 4.1 94304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
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Fig. 4 - Functional diagram - control register highlighted. 



COUNTERS (See Fig. 2) (Cont'd) 

counters are addressed separately and BCD data is 
transferred to and from the via the data bus. The most 
significant bit of the hours counter (Bit 7) is user 
programmed to indicate AM or PM and will be inverted 
every 12th hour. (0 = AM, 1 =PM). Bit 6 of the hours counter 
is user programmed to enable the hours counter for 1 2 or 24 
hour operation. (0 = 24, 1 = 12). If 24-hour operation is 
selected, the AM-PM bit is "don't care", but still toggles 
every 12th hour. Writing to the seconds counter resets the 
last 7 stages of the prescaler, allowing time accuracy to 
approximately 1/100 of a second. 

The most significant bit of the month counter is a Leap Year 
bit. If it is set to "1", the counter will count to February 29, 
then roll to March 1 . If set to "0" it will go to March 1st after 
February 28th. 

ALARM AND INTERRUPT STATUS REGISTER (See Fig. 
3) 

The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 



that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 

The write only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 
determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3 in 
the control register is a "1", addressing the seconds 
counter or alarm latch will load the seconds alarm latch 
from the data bus and will enable the alarm function. 
Conversely, if bit 3 in the control register is a "0", addressing 
the seconds counter or alarm latch during a write cycle will 
place the value on the data bus into the seconds counter 
and will disable the alarm function. The interrupt output 
can be activated by the alarm circuit or the clock output. 
When an interrupt occurs, the upper two bits of the 
interrupt status register identify the interrupt source. The 
interrupt status register has the same address as the 
control register. Addressing the interrupt status register 
with thel^ line active will place these register bits on the 
data bus. Bits 0-5 are held low. A "1" in bit 6 represents a 
clock output transition as the interrupt source. A "1 " in bit 7 
will Identify the alarm circuit as the interrupt source. 
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ALARM AND INTERRUPT STATUS REGISTER (See Fig. 
3) (Cont'd) 

Activating the reset pin (active low) resets the hour latch to 
"30" which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output(hlgh) and clears the interrupt status 
register. 

CLOCK OUTPUT (See Fig. 3) 

One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
"clock out" pin. The frequency Is selected by the upper 
nibble In the control register. For example, selecting a one- 
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period. The high- 
to-low transition of the output signal will set the clock bit in 
the status register and activate the Interrupt output. The 
level of the "clock out" signal is derived from the value in the 
counter. Example: if hours clock is selected and the 
minutes counter holds 4 minutes, the clock out will be low 
for 26 minutes and high for 30 minutes. Thereafter, the 
clock out will toggle at a 50% duty cycle rate. 

CONTROL REGISTER (See Table I and Fig. 4} 
BIT BIT 



7 6 5 4 3 2 10 



CONTROL REGISTER BYTE 

The 8-bit value In the control register determines the 

following: 

1 . Bit and 1 — Frequency Seiectj— Since there are one 
of 4 possible crystals the oscillator in the real time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string. 



BIT1 




1 
1 



BITO 


1 


1 



FREQUENCY 

32,768 Hz 
1.048576 MHz 
2.097152 MHz 
4.194304 MHz 



2. 



3. 



4. 



Bit 2 — Start-Stop Control — Counter enabling is 
controlled by the value at this location. A "1" will allow 
the counters to function and a "0" in this location will 
disable the counters. 

Bit 3 — Counter/Latch Control — The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses. 

1 ) A "0" in bit 3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 

2) A"1" In bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

Bits 4 to 7 — Clock Select^ These bits select one of 15 
square wave signals that will be present at the "clock- 
out" pin. If bits 4 to 7 are zero's, the clock output pin will 
be high. If a clock is selected, the first high to low clock 
out transition will activate the Interrupt pin (active low) 
and place a "1 " m bit 6 of the status register. Writing to 
the control register or activating the reset pin will set 
the interrupt pin high and reset the interrupt status 
register. 



CDP1879, CDP1879C 

Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a "clock out" is selected may cause an 
Interrupt out signal. Therefore, "clock-out" should be 
deselected by writing zero's into bits 4 through 7 if the 
interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the "clock out" signal. 



READ AND WRITE SIGNALS 

When the l-O/MEM pin is low, the real time clock is enabled 
for memory mapped operation. Data on the bus is placed In, 
or read from a counter, alarm latch or register by 1 ) placing 
the OS pin high 2) selective addressing 3) placing the 
TPB/WR pin low during a write cycle with the RD pin high 
or 4) setting thelTO pin low during a read cycle with the 
TPB/WR pin high. 

The I/O mapping mode used with the CDP18 00 Se ries 
microprocessor is selected by setting the l-O/MEM pin 
high. The TPB/WR pin on the real time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus is written to or read from the counters, latches and 
registers by 1) placing the OS pin high 2) selective 
addressing utilizing the microprocessor N lines and I/O 
instructions 3) placing the TPB/WR pin high with theTfD 
pin low during an output or write operation (data is latched 
on TPB's trailing edge) 4) setting theTfD line high during an 
input or read operation. Data is placed on the bus by the 
real time clock between the trailing edges of TPA and TPB. 



FREEZE CIRCUIT 

Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent "freeze" circuit 
is incorporated into the real time clock. This circuit is 
designed to trap and hold the one second input clock 
transition if it occurs during access times. When the 
operations are completed, it is inserted Into the counter 
series string. To utilize the "freeze" circuit, address "1" (AO 
= 1 , A1 = 0, A2 = 0) is selected first while performing a write 
operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address "1" access. If 
memory mapping any dummy write operation after selecting 
address "1" will set the "freeze" circuit. If using the I/O 
mode, a 61 output instruction will perform the same 
function. There Is no time restriction on subsequent 
accesses as long as the read or write operations are 
proceeded by selecting address "1". 



POWER DOWN 

Power down operation is initiated with a low signal on the 
"POWER DOWN" input pin. Any inputs on the address or 
data bus are Ignored. The clock output pin is set low. The 
interrupt output Is tri-stated. If enabled previously, the 
alarm circuitry Is active and will set the interrupt output pin 
low when alarm time occurs. The interrupt output will also 
go low if a clock was selected and an internal hIgh-to-low 
transition occurs during power down. The clock output pin 
will remain low. If power down is initiated in the middle of a 
read or write sequence, it will not become activated until 
the read or write operation is completed. 



I 
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PIN FUNCTIONS (S«e Table 11) 

Vdd» ^sS — Power and ground for device. 

DBO — DB7 — DATA BUS — 8 bit bidirectional bus that 
transfer BCD data to and from the counters, latches and 
registers. 

AO, A1, A2 — Address inputs that select a counter, latch or 
register to read from or write to. 

TPA — Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used for the chip select. When the real time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 Series microprocessor Is externally latched, 
it is connected to Vqd- '" the input/output mode, it is used 
to gate the N lines. 

I-O/MEM ~ Tied low during, memory mapping and high 
when the input/output mode of the CDP1800 Series 
microprocessor is used. 

RD, TPB/Wr - DIRECTION SIGNALS — Active signals 
that determine data direction flow. In the memory mapped 
mode, data is placed on the bus from the counters or status 
register when TO pin is active. 

Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WPTis active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 

In the input/output mode, data is placed on the bus from a 
counter or status register when RD is not active between 
the trailing edges of XPA and TPB. Data on the bus Is 
written to a counter, latch, or the controJ register during 
TPB when"RD is active and latched on TPB's trailing edge. 
The following connections are required between the 
microprocessor and real time clock In the CDP1800 Series 
I/O mode. 

MICROPROCESSOR REAL TIME CLOCK 

MRD RD 

TPB TPB/WR 

TPA TPA 

N LINES ADDRESS LINES 

I-O/MEM Vdd 



CS — CHIP SELECT — Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 



XTAL AND XTAL — The frequency of the Internal oscillator 
is determined by the value of the crystal connected to these 
pins. "XTAL" may be driven directly by an external frequency 
source. 

CLOCK OUT— 1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 



POWER DOWN — POWER DOWN CONTROL - A low on 

this pin will place the device in the power down mode. 

INT — Interrupt Output — A low on this pin indicates an 
active alarm time or high to low transition of the "clock out" 
signal. 



APPLICATIONS 

A Typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power In 
intermittent-use systems. A hookup diagram Illustrating 
this feature is shown in Fig. 5. In this configuration, the 
alarm and power-down features of the CDP1 879 are utilized 
in the control of the sleep and wake-up states of the CPU. A 
typical shut-down/start-up sequence for this system could 
proceed as follows: 

1. The CPU has finished a current task and will be 
inactive for the next six hours. 

2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

3. The CDP1800 output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all components except the clock chip could 
be shut off). 

4. This Q output signal is received by the CDP1 879 as a 
power-down signal. 

5. The CDP1879 tri-states aU pins (to accommodate 
powered-down chips). 

The CDP1 879 eventually times out, and sets an alarm 
by driving the INT output low. 
The alarm signal resets the CPU (to avoid oscillator 
start-up problems) and flags the processor for a 
warm-start routine. 

The CPU, once into its normal software sequence, 
writes to the CDP1879 control register to reset the 
interrupt request. 



6. 



8. 




92CS-34I36R2 

Fig. 5 ~ CPU wake- up circuit using the CDP1879 real-time clock. 



RESET — A low on this pin clears the status register and 
places the interrupt output pin high. 
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APPLICATIONS (Cont'd) 
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Fig. 6 - Typical CDP1802 memory-mapped system. 
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Fig. 7 - CDPISOO-series memory- mapped write cycle timing waveforms. 
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Fig. 8 - CDPIdOO-series memory-mapped read cycle timing waveforms. 
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APPLICATIONS (Cont'd) 
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Fig. 9 - Typical CDP1802 input/output-mapped system. 

'"_n 



rB 



N LINES I 



DATA FROM MEMORY 
TO REAL TIME CLOCK 



I! 



DATA LATCHED 



VALID DATA 



92CM- 34906 



Pig. 10-CDPl800'Series input/output-mapping timing waveforms with 
output instruction. 
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Fig. 11 - CDPISOO-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85'' C, Vpo = 5 V ± 5%, 
Input tr, tf = 1 ns; Cl = 50 pF and 1 TTL i Load 



CHARACTERISTIC 


LIMITS 
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MIn.t 


Typ.* 


Max. 



Read Cycle Times (see Fig. 12) 
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250 





Address Hold after Read tpH 
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tTime required by a limit device to aHow for the indicated function. 
•Typical values are for Ta = 25** C and nominal Vpo- 
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Fig. 12- Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vpo = S V ± 5%, 
Input tr. t| = 10 ns; Cl = 50 pF and 1 TTL Load 



CHARACTERISTIC 


LIMITS 


UNITS 


Mln.f 


Typ.* 


Max. 



Write Cycle Times (see Fig. 13) 
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•Typical values are for Ta = 25*^0 and nominal Vpo- 
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Fig. 13 - Write cycle timing waveforms. 



OPERATING AND HANDLING CONSiDERATiONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525. "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vpo — Vss *o exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vcc nor less than 
VsS. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss. whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vpo, Vqc. o'' VsS "^ay damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 
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CDP1881 


Terminal Assignment 



CMOS 6-Bit Latch and Decoder 
Memory Interfaces 



Features 

■ Performs memory address latch and 
decoder furictions multiplexed or 
rion-multiplexed 

m Interfaces directly with the CDPIBOO- 
series microprocessors 

■ Can replace existing CDP1866 and 
CDP1d67 {upward speed and function 
capability) 

■ Allows decoding for systems larger 
than 16K 
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CDP1882 


Terminal Assignment 



The RCA-CDP1 881 and CDP1 882 are CMOS 6-bit memory 
latch and decoder circuits intended for use in CDP1800 
series microprocessor systems. They can interface directly 
with the multiplexed address bus of this system at maximum 
clock frequency, and up to four 4K x 8-bit random-access 
memories to provide a 1 6K-byte RAM system. With four 2K 
X 8-bit RAMs, an 8K-byte RAM system can be decoded. 

The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock 
input to Vdd, ^^^ latches are in the data-following mode 
and the decoded outputs can be used in general-purpose 
memory-system applications. 



j> @A8 




The CDP1 881 and CDP1882 are intended for use with 2K or 
4K-byte RAMs and are identical except that In the CDP1882 
MWR and MRD are excluded. 

The CDP1881 and CDP1882 are functionally Identical to 
the GDP1881C and the CDP1882C. They differ In that the 
CDP1881 and CDP1882 have a recommended operating 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1881 and CDP1882 are supplied in 20-lead and 
18-lead packages, respectively. Both the CDP1881 and 
CDP1 882 are available In hermetic, dual-in-line side-brazed 
ceramic (D suffix) and plastic (E suffix) packages. 
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Fig. 1 - Functional diagram for the CDP1881. 



Fig. 2 - Functional diagram for the CDP1B82. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) 

CDP1 881 and CDP1882 -0.5 to +1 1 V 

CDP1881C and CDP1882C -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=-40 to +60*'C (PACKAGE TYPE E) 500 mW 

For Ta=+60 to +85''C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta=-55 to +100°C (PACKAGE TYPE D) 500 mW 

For TA=+100to 125''C (PACKAGE TYPE D) Derate Linearly at 12 mW/'C to 200 nfiW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -66 to +125*C 

PACKAGE TYPE E -40 to +85*C 

STORAGE-TEMPERATURE RANGE (Tgtg) -65 to +160*C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max -f-265**C 



OPERATING CONDITIONS at Ta=FuII Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP1881, CDP1882 


CDP1881C,CDP1882C 


Min. 


Max. 


Min. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



OPERATING AND HANDLING CONSIDERATIONS 

I. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

I. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 



not cause Vdd— Vss to exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the input protection circuit, 
input signals should never be greater than Vcc nor less 
than Vss. Input currents must not exceed 10 mA even 
when the power supply Is off. 

Unused Inputs 
A connection must be provided at every Input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vdd, Vcc, or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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vdd 


1 ^ 


' 4C 


4 TRC 


NC W 


2 


39 


4 EPE 


GMO 


3 


38 


4 CLSI 


RRO P\ 


4 


37 


4 CLS2 


RBR8<^ 


5 


3e 


4 SBS 


RBR7 4 


6 


35 


4 PI 


RBR6*— " 


7 


34 


4 CRL 


RBRS^ 


8 


33 


4 TBR8 


RBR4^ 


9 


32 


4 TBR7 


RBR3^ 


10 


31 


4 TBR6 


RBR2^ 


II 


30 


4 TBR5 


RBRI 4 


12 


29 


4 TBR4 


PE 4 


13 


28 


4 TBR3 


FE 4 


14 


27 


4 TBR2 


OE 4 


15 


26 


4 TBRI 


SFD -— ► 


16 


25 


►TRO 


RRC > 


17 


24 


►TRE 


DT?A P 


18 


23 


4 TB*^L 


DR 4 


19 


22 


►TBRE 


RRI ► 


20 


21 






TOP VIEW 






92CS-34552 1 


TERMINAL ASSIGNMENT | 



Preliminary Data CDP6402, CDP6402C 

CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 



Features: 

■ Low-power CMOS circuitry — 

7.5 mW typ. at 3.2 MHz 
(max. freq.) at Vdd = 5 V 

■ Baud rate - DC to 200K bits/sec (max.) 

at Vdd = 5V 

DC to 400K bits/sec {max.) 
at Vdd =iov 
m 4Vto 10.5 operation 

■ Automatic data formatting and 

status generation 



Fully programmable with externally 
selectable word length {5-8 bits), 
parity inhibit, even/odd parity, and 
1, 1.5,or2 stop bits 

Operating-temperature range: 
{CDP6402D, CD) -55 to +125° 
{CDP6402E, CE) -40 to +85'' C 

Replaces industry types IM6402 
and HD6402 



The RCA CDP6402 and CDP6402C are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 

TBIlfiL(WSB) 



converts serial start, data, parity, and stop bits to parallel 
data verifying proper code transmission, parity and stop 
bits. The transmitter converts parallel data into serial form 
and automatically adds start parity and stop bits. 
The data word can be 5, 6, 7 or 8 bits in length. Parity may be 
odd, even or inhibited. Stop bits can be 1, 1.5, or 2 (when 
transmitting 5-bit code). tbrklsb) 



TffWL- 
TRC- 



CLSI- 

CLS2-- 

CRL- 

MR- 



RRC- 



TRANSMITTER 
TIMING 

AND 
CONTROL 



Hi 



STOP 

IE: 



PARITY 
LOGIC 



rrr-n 



TRANSMITTER BUFFER REGISTER 



TRANSMITTER REGISTER 



I START I 



MULIPLEXER 



-> RECEIVER 
TIMING 

AND 
CONTROL 



CONTROL 
REGISTER 




rfiHtzrr:^^^ 



I 



-SBS 
-EPE 
-EPI 



DR • OE TBRE 



FE PE RBR8(MSB) 

Fig. 1 - Functional block diagram. 



RBRKLSB) 92CL- 34553 
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CDP6402, CDP6402C 

The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquisition systems, and serial 
data links for distributed processing systems. 

The CDP6402 and CDP6402C are functionally Identical. 
They differ in that the CDP6402 has a recommended 



operating voltage range of 4 to 1jb.5 volts, and the CDP(3402C 
has a recommended operating voltage range of 4 to 6.5 
volts. Both types are supplied in 40-lead dual-in-line ceramic 
packages (D suffix), and 40-iead dual-in-line plastic 
packages (E suffix). 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltage referenced to Vss Terminal) 

CDP6402 -0.5 to -m V 

CDP6402C -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to VqD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 100//A 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E 500 mW 

For Ta = +60 to +85*^0 (PACKAGE TYPE E) Derate LIneary at 12 mW/*C to 200 mW 

For Ta = -55 to 100*^0 (PACKAGE TYPE D) 500 mW 

For Ta = + 100 to +125*0 (PACKAGE TYPE D) Derate Lineary at 12 mW/«C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125** C 

PACKAGE TYPE E -40 to +85''C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265**C 

OPERATING CONDITIONS 8t Ta = Full Package-Temperature Range. For maximum reliability, operating condltlona 
should be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


LIM 


TS 


UNITS 


CDP6402 


CDI* 402C 


MIn. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


VDD 



STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85<'C, Vdd ^^10%, Except as noted 



CHARACTERISTIC 


CONDITIONS 1 


LIM 


ITS 1 


UNITS 


vq 

(V) 


V|N 
(V) 


Vdd 

(V) 


CDP6402 


c 


2DP6402 


: 


MIn. 


Typ.« 


Max. 


MIn. 


Typ.* 


Max. 


Quiescent Device 
Current Idd 




0,5 
0,10 


5 
10 


— 


0.01 
1 


50 
200 


— . 


0.62 


iAd 


M 


Output Low Drive 
(Sink) Current Ini 


6.4 

0.5 


6.5 
0. 10 


S 
10 


1.2 
2.5 


2.4 
5 


I 


■i~T:r" 


1 2.4 


— 


mA 


Output High Drive 
(Source) Current Iqh 


4.6 
9.5 


0,5 
0.10 


6 
10 


-0.55 
-1.3 


-1.1 
-2.6 


— 


-0.55 


-1.1 


— 


Output Voltage 
Low-Level VoLt 





o.Tn 

0.10 


5 
10 


— 






0.1 
0.1 


. 





5.1 


V 


Output Voltage 
High Level VoH* 


— 


0.5 
0,10 


5 
10 


4.9 
9.9 


5 
10 


__ 


4.9 


5 


, — 


Input Low 
Voltage V|l 


0.5. 4.5 
0.5. 9.5 


— - 


5 
10 


— 


— ' 


O.fl 
0.2 Vdd 








0.8 


Input High 
Voltage Viw 


0.5. 4.5 
0.5. 9.5 


"" 


5 
10 


Vdd-2.0 


~ 


-"■ 


^DD-2.0 


"~- 


""" 


Input Leakage 
Current Iin 


Any 
Input 


0.5 
0,10 


5 
10 


— 


±10-4 
±10-4 


±1 

±2 


— 


_ 


±1 


M 


3-State Output Leakage 
Current IquT 


o;5 

0.10 


6,5 
0,10 


5 
10 


— . 


±10-^^ 
±10-4 


±1 
±10 


— 


±10-4 


±1 


Operating Current, 'DDit 


— 


0.5 
0.10 


5 
10 


— 


1.5 
10 


— 


— 


1.5 


I 


mA 


Input Capacitance C|n 


__ 






~-. 


5 


7.5 





5 


7.? 


PF 


Output Capacitance CquT 


— 


— 


— 


— 


10 


15 


— 


10 


16 



•Typical values are for Ta=25*'C and nominal Vdd- t'OL='OH='' M- 

#Operating current is measured at 200 ' kHz or Vqd = 5 V and 400 kHz for Vpo = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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DESCRIPTION OF OPERATION 

Initialization and Controls 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRO at a frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clock, or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to Vss 
or Vdd with CRL to Vdd- When the Initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats It, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 



CDP6402, CDP6402C 

Receiver Operation 

Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 



5-8 DATA BITS 



ART BIT-. , ^ 1 I I 

I^M 1 11 I 1 l-kl !!l 

^ \ PARITY 



92CS- 34554 

Fig. 2 ' Serial data format. 

Transmitter timing Is shown in Fig. 3. (A) Data Is loaded into 
the transmitter buffer regist er from the inputs TBR1 through 
TBR8 by a logic low on the TBRL Input. Valid data must be 
present atleast tpj pnor ^o, and tjD following, the rising 
edge of TBRL. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justifie d into the least significant bit, TBRL (B) The rising 
edge of TBRL clears TBRE. Zero to 1 clock cyles later data 
is transferred to the transmitter register and TRE is cleared 
and transmission starts. TBREmpty is reset to a logic high. 
Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 



BEGINNING OF FIRST STOP BIT 



RRI 



~L 



RBRI-e.OE.PE 
DR 



l[ 



FE 



J^Jl 



X 



■7 1/2 CLOCK 
CYCLES 



/^ 



|,l-l/20R2STOPBITS 



- 1/2 CLOCK 
CYCLE 



92CS -34559 

Fig. 4 - Receiver timing waveforms. 

(A) A low level on DRR clears the DR line. (B) During the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word Is less than 8 bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1 . A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. A logic high on PE Indicates a 
parity error. (C) 1 /2 clock cycle later DR is set to a logic 
high and FE is evaluated. A logic high on FE indicates an 
invalid stop bit was received. 

Start Bit Detection 

The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within ±1/2 clock cycle, ±1 /32 bit 
or ±3.1 25%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 



COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 

'jiJTiiJxruiJTJTjmrL 



I 





ir 


L 


t) 












RRI INPUT 


Wi START 




V r 

H h^o 




w 


LI 


1^ 7 I/2CL0CK nfc. 




TO i CLOC»< 


/ ■ "=1WI 


Urn- 1/2 

-1 CLOCK 


r^ CYCLES 
_ 8 1/2 CLOCK _ 






1 




^ CYCLES"- --^ 










92CS- 34558 






1 1 




DATA 1 






/fl 


1 


3 C 




92CS-34 


" Kir 

STOP BIT 
597 


Fig. 5 - Start bit timing waveforms. 



Fig. 3 - Transmitter timing waveforms. 
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Table I - Control Word Function 



cc 




o 


DATA BITS 


PARITY BIT 


STOPBITIS^ 


CLS2 


CLS1 


PI 


EPE 


SBS 






L 


L 




5 


ODD 


1 






L 


L 




5 


ODD 


1.5 






L 


H 




5 


EVEN 


1 






L 


H 




5 


EVEN 


1.5 






H 


X 




5 


DISABLED 


1 






H 


X 




5 


DISABLED 


1.5 




H 


L 


L 




6 


ODD 


1 




H 


L 


L 




6 


ODD 


2 




H 


L 


H 




6 


EVEN 


1 




H 


L 


H 




6 


EVEN 


2 




H 


H 


X 




6 


DISABLED 


1 




H 


H 


X 




6 


DISABLED 


2 


H 


L 


L 


L 






ODD 


1 


H 


L 


L 


L 






ODD 


2 


H 


L 


L 


H 






EVEN 


1 


H 


L 


L 


H 






EVEN 


2 


H 


L 


H 


X 






DISABLED 


1 


H 


L 


H 


X 






DISABLED 


2 


H 


H 


L 


L 




8 


ODD 


1 


H 


H 


L 


L 




8 


ODD 


2 


H 


H 


L 


H 




8 


EVEN 


1 


H 


H 


L 


H 




8 


EVEN 


2 


H 


H 


H 


X 




8 


DISABLED 


1 


H 


H 


H 


X 


H 


8 


DISABLED 


2 



X = Don't Care 
Table il - Function Pin Definition 



PIN 


SYMBOL 


DESCRIPTION 


1 


vdd 


Positive Power Supply 


2 


N/C 


No Connection 


3 


GND 


Ground (Vss) 


4 


RRD 


A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
impedance state. 


5 


RBR8 


The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 
characters are right justified to RBR1. 


6 


RBR7 


\ 


7 


RBR6 




8 


RBR5 




9 


RBR4 


) See Pin 5 - RBR8 


10 


RBR3 






11 


RBR2 






12 


RBR1 






13 


RE 


A high level on PARITY ERROR 
indicates that the received parity does 
not match parity programmed by control 
bits. The output is active until parity 
matches on a succeeding character. 
When parity is inhibited, this output 
is low. 


14 


FE 


A high level on FRAMING ERROR 
indicates the 'first stop bit was invalid. 
FE will stay active until the next valid 
character's stop bit is received. 



PIN 


SYMBOL 


DESCRIPTION 


15 

16 

17 
18 

19 

20 
21 

22 


OE 

SFD 

RRC 
DDR 

DR 

RRI 
MR 

TBRE 


A high level on OVERRUN ERROR 
Indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if DRR has been 
performed (i.e., DRR; active low). 
A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 
The RECEIVER REGISTER CLOCK is 
16X the receiver data rate. 
A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

A high level on DATA RECEIVED 
Indicates a character has been received 
and transferred to the receiver buffer 
register. 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

A high level on MASTER RESET (MR) 
clears PE, FE, OE, DR, TRE and sets 
TBRE, TRO high. Less than tS clocks 
after MR goes low, TRE returns high. 
MR does not clear the receiver buffer 
register, and is required after power-up. 
A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred Its data to the transmitter 
register and is ready for new data. 
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Table 11 - Function Pin Definition (Cont'd) 



PIN 



23 



24 

25 
26 



SYMBOL 



TBRL 



TRE 

TRO 
TBR1 



27 


TBR2 


28 


TBR3 


29 


TBR4 


30 


TBR5 


31 


TBR6 


32 


TBR7 


33 


TBR8 



DESCRIPTION 



A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buf fer re gister. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 
A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character Including 
stop bits. 

Character data, start data and stop bits 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 
Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 
formats less than 8-bits, the TBR8, 7, 
and 6 Inputs are ignored corresponding 
to the programmed word length. 



See Pin 26 - TBR1 



CDP6402, CDP6402C 



PIN 


SYMBOL 


DESCRIPTION 


34 
35 

36 

37 

38 
39 

40 


CRL 

pr 

SBS* 
CLS2* 

CLsr 

EPE* 
TRC 


A high level on CONTROL REGISTER 

LOAD loads the control register. 

A high level on PARITY INHIBIT inhibits 

parity generation, parity checking and 

forces PE output low. 

A high level on STOP BIT SELECT 

selects 1.5 stop bits for a 5 character 

format and 2 stop bits for other lengths. 

These inputs program the CHARACTER 

LENGTH SELECTED. (CLS1 low CLS2 

low 5-bits) (CLS1 high CLS2 low 6-bits) 

(CLS1 low CLS2 high 7-bits) (CLS1 high 

CLS2 high 8-bits). 

See Pin 37 - CLS2 

When PI is low, a high level on EVEN 

PARITY ENABLE generates and checks 

even parity. A low level selects odd 

parity. 

The TRANSMITTER REGISTER 

CLOCK Is 16X the transmit data rate. 



*See Table I (Control Word Function) 
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OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vqd — Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, Input 
signals should never be greater than Vqc nor less than 
Vss- input currents must not exceed 100 /iA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc o'' VsS' whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vdd. Vqc O'' Vss ^^V damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta ° -40 to +85'' C, VoD ± S%, tr, If ° 20 IM, 
V|H = 0.7 Vdd. V|L = 0.3 Vdd. Cl « 100 pF 



CHARACTERISTIC 


vdd 

(V) 


LIMITS 


UNITS 


CDP6402 


CDP6402C 


Typ.* 


Max.A 


Typ.* 


UwA 



System Timing (See Fig. 6) 
















Minimum Pulse Width: 
CRL 


*CRL 


5 
10 


60 
40 


150 
100 


50 


150 


ns 


Minimum Setup Time 
Control Word to CRL 


tcwc 


6 
10 


20 



50 
40 


20 


50 


Minimum Hold Time 
Control Word after CRL 


tccw 


6 
10 


40 
20 


60 
30 


40 


60 


Propagation Delay Time 
SFD High to SOD 


tSFDH 


5 
10 


200 
100 


300 
150 


200 


300 


SFDLowtoSOD 


tSFDL 


5 
10 


75 
40 


120 
60 


75 


120 


RRD High to Recejyer Register 
High Impedance 


tRRDH 


6 
10 


80 
40 


160 
70 


80 


150 


RRD Low to Receiver Register 
Active 


tRRDL 


5 
10 


80 
40 


150 
70 


80 


150 



•Typical values for Ta = 25** C and nominal VoD- 

^Maximum limits of minimum characteristics are the values above which all devices function. 



CONTROL WORD 
INPUT 



CONTROL INPUT WORD TIMING 

ZXUZZ 



CONTROL WORD BYTE 



STATUS OUTPUT TIMING 



STATUS *■ 
OUTPUTS. 



X 



X 



H — *< tSFOH 



l*SFDLH» 



R BUS 0- 
R BUS 7 



RECEIVER REGISTER DISCONNECT TIMING 

, x z 



J 



tRROHh»— 



X 



Mrrdl-^ 



92CM-3I875RI 



Fig. 6 ' System timing waveforms. 
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CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85*' C, Vqd ± 5%, tr, tf = 20 ns, 
V|H = 0.7 Vdd. V|L = 0.3 Vpo. Cl = 100 pF 



CHARACTERISTIC 



Transmitter Timing (See Fig. 7) 



Vdd 

(V) 



LIMITS 



CDP6402 



CDP6402C 



Typ.* I Max.A | Typ.* 



Max.A 



•Typical values for Ta = 25° C and nominal Vdd- 

^Maximum limits of minimum characteristics are the values above which all devices function. 



* TRANSMITTER BUFFER 
REGISTER LOADED 



TRANSMITTER SHIFT 
REGISTER LOADED 



UNITS 




X- THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF T5RL 92CM-34556 

J )f THE TRANSMITTER SHIFT REGISTER, IF EMPTY.IS LOADED ON THE FIRST HIGH -TO-LOW TRANSITION OF! 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tyHC AFTER THE TRAILING EDGE OF TBRL AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tco LATER 

Fig. 7 - Transmitter timing waveforms. 



Minimum Clock Period (TRC) ^CC 


5 
10 


250 
125 


310 
155 


250 


310 


ns 


Minimum Pulse Width: 
Clock Low Level tcL 


5 
10 


100 
75 


125 
100 


100 


125 


Clock High Level tcH 


5 
10 


100 
75 


125 
100 


100 


125 


TBRL tTHTH 


5 
10 


60 
40 


150 
100 


60 


150 


Minimum Setup Time: 
TBRL to Clock tyHC 


6 
10 


175 
90 


275 
150 


175 


275 




5 
10 


20 



50 
40 


20 


50 


Data to TBRL >" tpT 


Minimum Hold Time: 
Data after fME jT tjD 


5 
10 


40 
20 


60 
30 


40 


60 


Propagation Delay Time: 
Clock to Data Start Bit tcD 


5 
10 


300 
150 


450 
225 


300 


450 


Clock to TBRE tcT 


5 
10 


200 
100 


300 
150 


200 


300 


TBfi^'L to TBRE tjIHR 


5 
10 


200 
100 


300 
150 


200 


300 


Clock to TRE tjTS 


5 
10 


200 
100 


300 
150 


200 


300 
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RCA CMOS LSI Products 



1800-Series Peripherals 



CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85<'C, Vqd ^ 5%, tr, tf = 20 nt, 
V|H = 0.7 Vdd, V|L = 0.3 Vdd, Cl = 100 pF 



CHARACTERISTIC 


Vdd 

(V) 


LIM 


ITS 


UNITS 


CDP6402 


CDP6402C 


TYP.* 1 MflX.^ 


Tyd.* 


MnirA 



Receiver timing (See Fig. 8) 



Minimum Clocl< Period (RRC) tcc 


5 
10 


250 
12fi 


310 


250 


310 


ns 


Minimum Pulse Width: 
Clock Low Level tCL 


5 
10 


100 
75 


125 
100 


100 


125 


Clock High Level tCH 


5 
1P 


100 
75 


126 
100 


100 


126 


DATA RECEIVED RESET tpD 


5 
10 


50 
25 


75 
40 


50 


75 


Minimum Setup Time: 
Data Start Bit to Clock tnn 


5 
10 


100 
50 


150 
75 


100 


150 


Propagation Delay Time: 


5 
10 


150 
75 


225 

125 


150 


225 


DATA RECEIVED RESET to tnnA 
Data Received ^^^ 


Clock to Data Valid tcDV 


5 
10 


225 
110 


325 
175 


225 


325 


Clock to DR 

tCOA 


5 
10 


225 
110 


325 
175 


225 


325 


Clock to Overrun Error tcoE 


5 
10 


210 
100 


300 
150 


210 


300 


Clock to Parity Error tcPE 


5 

10 


240 
120 


375 
175 


240 


375 


Clock to Framing Error tCFE 


5 

10 


200 
100 


300 
150 


200 


300 



•Typical values for Ta = 25° C and nominal VpD- 

^Maximum limits of minimum characteristics are the values above which all devices function. 



_»i U-trr CLOCK 7 1/2 

\ f ^^ SAMPLE 



CLOCK 71/2 LOAD 
HOLDING REGISTER 



RRC 
RRI 



DRR 





PARITYJ" 


Lsr 


un 


iTiir 


"unsnuTi" 


■jlttitl 


\ START BIT 


/ 


STOP 


BITI 


__^ 










K^CDV 




>|^DATA 






1 


.J 


■^ k»DDA 










-• 


" l-^»CDA 




-^ 








»COE-* 


r 


"1 


/ 


♦CPE-" 


. 1— 

/ 


♦CFE-" 


/ 



92 CM -34595 



IF A START BIT OCCURS AT A TIME LESS THAN tDC BEFORE A HIOH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK. 

IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE. 



Fig. 8 - Receiver timing waveforms. 
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RCA CMOS LSI Products 



CD4036A, CD4039A 



COS/MOS 4-Word by 8-Bit 
Random-Access NDRO 
Memory 



Binary Addressing 
Direct Word-Line 
Addressing 



CD4036AD, CD4036AK 
CD4039AD, CD4039AK 



Special Features: 

m COS/MOS logic compatibility at all 

input and output terminals 
m Memory bit expansion 
m Memory word expansion via Wire-OR 

capability at the 8 INPUT-BIT and 8 

OUTPUT-BIT lines 



RCA type CD4036A is a single monolithic 
integrated circuit containing a 4-word x 
8-bit Random Access NDRO Memory. In- 
puts include 8 INPUT-BIT lines, CHIP IN- 
HIBIT, WRITE, READ INHIBIT, MEMORY 
BYPASS, and 2 ADDRESS inputs. 8 
OUTPUT-BIT lines are provided. 

All input and output lines utilize standard 
COS/MOS inverter configurations and 
hence can be directly interfaced with 
COS/MOS logic devices. 

CHIP INHIBIT allows memory word ex- 
pansion by WIRE-ORing of multiple 
CD4036A packages at either the 8-bit in- 
put and/or output lines (see Fig. 19). With 
CHIP INHIBIT "high", both READ and 
WRITE operations are inhibited on the 
CD4036A. With CHIP INHIBIT "low", infor- 
mation can be written into and/or read 
continuously from one of the four words 
selected by the binary code on the two ad- 
dress lines. With CHIP INHIBIT "low", a 
"high" WRITE signal and a "low" READ 
INHIBIT signal activate WRITE and READ 
operations, respectjvely, at the addressed 
word location (see Fig. 4). 

The MEMORY BYPASS signal, when 
"high", allows shunting of information 
from the 8 INPUT-BIT lines directly to the 
8 OUTPUT-BIT lines without disturbing 
the state of the 4 words. During the 
bypass operation input information may 
also be written into a selected word loca- 
tion, provided the CHIP INHIBIT is "low" 
and the WRITE is "high". The READ 
operation is deactivated during the 
BYPASS operation because information 
is fed directly from the 8 INPUT-BIT lines 
to the 8 OUTPUT-BIT lines. 



■ Memory bypass capability for all bits 
m Buffering on all outputs 

m CD4036A— on-chip binary address 
decoding, separate READ INHIBIT and 
WRITE controls 

m CD4039 A— Direct word-line addressing 

m Access Time— 200 ns (typ.) 
atVDD=10V 

Applications: 

Digital equipment where low power dissi- 
pation and/or high noise immunity are 
primary design requirements. 
m Channel Preset Memory in digital 
frequency-synthesizer circuits 

■ General-purpose and scratchpad 
memory in COS/MOS and other low- 
power systems. 



RCA type CD4039A Is identical to the 
CD4036A with the exception that in- 
dividual address-line inputs have been 
provided for each memory word in place 
of the binary ADDRESS, CHIP INHIBIT, 
and READ INHIBIT inputs. When Wire- 
ORing multiple CD4039A packages for 
memory word expansion, an individual 
CD4039A Is selected by addressing one of 
its word locations. The READ operation is 
activated whenever a word location is ad- 
dressed (via a "high" signal—see Fig. 5). 

These devices will be supplied in two dif- 
ferent 24-lead ceramic packages; the 
CD4036AK and CD4039AK in the flat- 
pack, and the CD4036AD and CD4039AD 
in the dual-in-line package. 
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General-Purposes Memories 



CD4036A, CD4039A 



MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE-TEMPERATURE RAMGE —65 to + 160 'C 

OPERATING-TEMPERATURE RANGE -55 to +125X 

DC SUPPLY VOLTAGE RANGE (Vdd - VSS) -0.5 to + 15 V 

DEVICE DISSIPATION (Per Package) 200mW 

ALL INPUTS Vss< V|< VpD 

RECOMMENDED DC SUPPLY VOLTAGE (Vdd - Vss) 3 to 15 V 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max 265 'C 



STATIC ELECTRICAL CHARACTERISTICS 



CHARACTERISTIC 


CGI 






LIMITS 


UNITS 


TEST 
EDITIONS 


CD4036AD, CD4036AK 
CD4039AD. CD4039AK 




Vq 

Volts 


Vdd 

Volts 


-55X 


25 X 


126X 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Quiescent Device 
Current, II 






5 


— 


5 


— 


5 


— 


300 


mA 




10 


— 


10 


— 


10 


— 


600 


Quiescent Device 
Dissipation/Pack- 
age, Pd 






5 


— 


25 


-^ 


25 


— 


1506 


/iW 




10 


— 


100 


— 


100 


— 


6000 


Output Voltage: 
Low-Level, Vql 






5 


— 


0.01 


— 


0.01 


— 


0.05 


V 




10 


__ 


0.01 


— 


0.01 


— 


0.05 


High-Level, Vqh 






5 


4.99 


— 


4.99 


— 


4.95 


— 


V 




10 


9.99 


— 


9.99 


— 


9.95 


— 


Threshold Voltage: 
N-Channel, VjhN 


ID = 20mA 


1.7 typ. 


1.5 typ. 


1.3 typ. 


V 


P-Channel, VjhP 


lD= -20 mA 


-1.7 typ. 


-1.5 typ. 


-1.3 typ. 


V 


Noise lmnr>unlty, 

Vnl 

(All inputs except 
bit Inputs when 
In memory by- 
pass mode.) VisiH 






5 


1.5 




1.5 




1.4 




V 




10 


3 


— 


3 


— 


2.9 


— 






5 


1.4 


__ 


1.5 


_ 


1.5 


_ 




10 


2.9 


— 


3 


— 


3 


— 


Output Drive Cur- 
rent: 
N-Channel, IpN 


Nor- 
mal 
Read 
Modes 


0.5 


5 


0.12 




0.10 




0.07 


_ 


mA 
mA 


0.5 


10 


0.30 


— 


0.25 


— 


0.17 


— 


P-Channel, IqP 


4.5 


5 


-0.12 


— 


-0.10 


— 


-0.07 


^ 


9.5 


10 


-0.30 


-- 


-0.25 


_ 


-0.17 


~ 


Output Drive Cur- 
rent: 
N-Channel, IpN 


Mem- 
ory 
By- 
pass 
Mode 
+ 


0.5 


5 


0.04 


_ 


0.03 


_ 


0.02 


_ 


mA 
mA 


0.5 


10 


0.09 


^ 


0.075 


— 


0.05 


— 


P-Channel, IpP 


4.5 


5 


-0.04 


— 


-0.03 


— 


-0.02 


— 


9.5 


10 


-0.09 


— 


-0.075 


— 


-0.05 


— 


Input Current, l| 




— 


— 


— 


— 


10 typ. 


— 


— 


pA 



"Bit inputs driven from low-impedance driver. 
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RCA CMOS LSI Products 



CD4036A, CD4039A 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25 °C and Cl = 15 pF 
Typical Temperature Coefficient for all values of Vdd = 0.3%/°C 



CHARACTERISTIC 


TEST CONDITIONS 


CD4036AD, CD4036AK 
CD4039AD, CD4039AK 


UNITS 




Vdd 

Volts 


Min. 


Typ. 


Max. 


Read Delay Time, trd: 
(Access time) 
Read Inhibit (Rl) 


Output tied 
through 100 kQ 
to Vss ^or data 
output "high" 
and to Vdd ^o'' 
data output "low" 


5 




375 


750 


ns 
Note 4 


10 


— 


150 


300 


Chip Inhibit (01) 


5 


— 


500 


1000 


ns 
Note 4 


10 


— 


200 


400 


Memory Bypass (MB) 


5 


— 


375 


750 


ns 


10 


— 


150 


300 


Address^ (ADD) 


5 


— 


500 


1000 


ns 


10 


— 


200 


400 


Write Set-up Tirne^, tyvs 




5 


250 


125 


— 


^s 


10 


100 


50 


— 


Write Removal Time^, tWR 




5 








— 


ns 


10 








— 


Write Pulse Duration, tw 




5 


150 


75 


— 


ns 


10 


60 


30 


~ 


Data Set-up TiraeS, tps 




5 








0* 


ns 


10 


— 





0* 


Data Overlap TimeS, tpo 




5 


100* 


50 


— 


ns 


10 


40* 


20 


— 


Output Transition tjHL 
Time, tjLH 




5 


— 


200 


400 


ns 


10 


— 


100 


200 


Input Capacitance, 0| 


Any Input 




~ 


5 


— 


pF 



1. For CD4036Aonly, remove 100-kQtest condition and write all 1's in word one, and all O's in word 
two, or vice versa. 

2. Delay from change of ADDRESS or CHIP-INHIBIT signals to application of WRITE pulse. 

3. Delay from removal of WRITE pulse to change of ADDRESS or CHIP-INHIBIT signals. 

4. Values for CD4036AD and CD4036AK only. 

5. The time that DATA signal must be present before the WRITE pulse removal. 

* Max. indicates satisfactory operation if tps equals or exceeds this value. 

6. The time that DATA signal must remain present after the WHITE pulse removal. 

• Min. indicates satisfactory operation if tpo equals or exceeds this value. 



HANDLIHG CONSIDERATIONS 

Although protection against electrjDstatiq 
effects is provided by built-in circuitry, the 
following handling precautions should be 
taken: 

1 . Soldering iron tips and test equipment 
should be grounded. 

2. Devices should not be inserted in non- 
conductive containers such as 
conventional plastic snow or trays. 



OPERATING CONSIDERATIONS 

1. Low impedance pulse generators or 
power supplies connected to the In- 
puts of these devices must be discon- 
nected before the dc power supply is 
turned off. 

2. All unused Input leads should be con- 
nected to either Vss or VpD* which- 
ever is appropriate for the logic circuit 
involved. 
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NHIBiTl>K^' 



INHIBIT 
MEMORY 



INPUT GATING 

TTTlTn 



Di 



I M I I I 




nOi 



BIT OUTPUTS 

92CS-I9935 



BIT INPUTS 




sOi 



fe3 



BIT OUTPUTS 

92CS-I9934 



Fig. 1 ~CD4036A— logic block diagram. 



Fig. 2—CD4039A--logic block diagram. 
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WORD 1 — H 


1 24 


— VDD 


WRITE — 


2 23 


— WORD 3 




ri - 


3 22 


— WORD 4 


BITS 
IN 


2 — 

3 — 

4 — 

5 — 

6 — 

7-J 


4 21 

5 20 

6 CD4039A 19 

I (vrw) ;a 

9 16 


— WORD 2 

— 2 

— 3 

— 4 BITS 

— 5 OUT 




La- 


10 15 


— 6 




MEMORY — 
BYPASS 
GND 


11 14 

12 13 


— 7 






92 


:S>-I9936 



Fig. 3a)—CD4036AD and CD4036AK terminal 
assignments. 



b)—CD4039AD and CD4039AK terminal 
assignments. 
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Fig. 4—-CD4036A timing diagram. 



Fig. 5—CD4039A timing diagram. 
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RCA CMOS LSI Products 



CD4036A, CD4039A 




ORAIN-TO-SOURCE VOLTAGE (Vps) — V 
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Fig. 6~Typical n-channel drain 
characteristics. 



Fig. 7— Typical p-cliar)nel drain 
characteristics. 



AMBI 
TYPIC 
ATAL 


ENT TEMPERATURE (Ta)=25°C 
AL TEMPERATURE COEFFICIEN 
L VALUES OF V[)d=0 3 7,/«C 


' [;tii4tt|4 


^ 






tA'U 


E 






1 


--- -- ■ 44 ■ -^f-- 










--,4 — ■ t- 


- 4^^ 






3 


- -- 


itj-B t^i-^-' 


"^i 










L ^v^L-f - — ■ - 


■+- 






^ :':" 
































§ :::: 




'-::-t:+H;:-. ^.rl-H 


--- 
















.= = 








< : : 














tf 


c 























if 





















10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE (Cl)— pF 



AMBIENT TEM 
TYPICAL TEM 
AT ALL VALUE 


PERATURE (Ta) = 25'' - 
PERATURE COEFFICIENT -t 


['"jl 


4: :. 


;:r .: 


S OF Vdd=0 3%/»C 4 




-I- 


£ T-^'T""- 


TT ^ --. 




;:4 




4^;: 






... lu -.- 











j:^^°°-- + 




























^roV'^r 




L 




nj. _., 4 — 


--4J^ 






















4: 4!- 


:"" ".iz".:~h,^ ^ 
















































































































1 p:': "■::"!. 




i '.- 






W-V.. 










*-■! 




414 U- 


*" 100 ; :a--; 



















































10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE (CJ — pF 

92CS-20679 



Fig. 8— Typical read delay time vs. Ci_. 



Fig. 9— Typical transition time vs. Ci_. 
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Fig. 10~Typical power dissipation vs. 
frequency. 
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General-Purposes Memories 



CD4036A, CD4039A 



TEST CIRCUITS 




TEST PERFORMED WITH 
THE FOLLOWING SEQUENCE 
or I's AND O't 




92CS- 20704 



Fig. 11— Quiescent current (CD4036A). 



Fig. 12'-Qute8CBnt current (CD4039A). 




— ^v^ 



Fig. 13~Noise immunity. 




Fig. 14-^Operating life. 






Fig. 76— B/asecf life. 



I 



{5V0R 10 V) 




/"^ 05V r" " A '" /'->wVOC 



2 23-, 

3 4 22-4 

5 f 20 -i^ 



— It c i^"H 



5 ♦ 20 



(-VthJ 



(a) n-CHANNEL 



(b) p- CHANNEL 



UU-CHANNCL 




(Mp-CHANNEL 



F/gf. 16— Drive current. 



Fig. 17^Threshold voltage. 
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+ ThiCO«038ACANBE UTILIZED IN A SIMILAR FASHION. 
SEE APP. NOTE ICAN-6498 - "DESIGN OF FIXED AND PROGRAMMABLE COUNTERS USING THE RCA CD4018A COS/MOS 
ICAN-6718, "LOW POWER DIGITAL FREQUENCY SYNTHESIZERS UTILIZING COS/MOS IC'S". 



DIVIDE-BY-'N' COUNTER" AND 



Fig. 18— Three-decade programmable ^ N counter with 4-channel preset memory settings for 
frequency synthesizers. 



The divide-by-N counter system shown in 
Fig. 18 is programmable from 2 to 999. 
Four counter-preset words, selected by 
means of the rotary switches, can be 
stored In the CD4039A devices and can be 



read into each CD4018A by simply ad- 
dressing the proper word. Note that the 
CD4029A (see Bulletin File No. 503) 
Presettable Up/Down Counter with BCD 
decade counting can also be used to per- 
form the basic counting function. 
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CAN BE UTILIZED IN A SIMILAR FAS^ 



Fig. 19^General-purpose memory storage— 8 words x 16 bits (RAM or ROI^). 
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COS/MOS 
256-Word by 1-Bit 
Static Random-Access 
l\Aemory 



CD4061A 



Features: 

■ Low standby power: 10 nW/bit (typ.l @ Vqd = 10 V 

■ Access time: 380 ns (max.) @ N/pp = 10 V 

■ Single 3-to-15 V power supply 

■ COS/MOS input/output logic compatibility 

■ TTL output drive capability 

■ Three-state data outputs for bus-oriented systems 

■ 1101 -type pin designations^ 

■ Separate data output and data input lines 

■ Noise immunity: 45% of Vpo (typ.) 

■ Fully decoded addressing 

■ Single write/read control line 



40 
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16 


«, -^ 






'^ 


A, ' 
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vdd 
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A. ^ 
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10 


NC 8 
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SELECT 

READ/WRITE 
DATA OUT 
DATA OUT 
DATA IN 



As 
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The RCA-CD4061A is a single monolithic 
integrated circuit containing a 256-word by 
1-blt fully static, random-access, NDRO 
memory. The memory is fully decoded and 
requires 8 address input lines (AQ-A7) to 
select one of 256 storage location s. Addi - 
tlonal connections are provided f or a READ/ 
WRITE command C HIP SE LECT DATA IN, 
and DATA OUT and DATA OUT lines. 

To perform READ and WRITE operations 
the CHIP-SELECT signal must be low. When 
the CHIP-SELECT signal is high, read and 
write operations are inhibited and the out- 
put is a high impedance. To change addresses, 
the CHIP-SELECT signal must be returned 
to a hi gh leve l, regardless of the logic level 
of the READ/WRITE input. In a multiple 
package application, the CHIP-SELECT 



signal may be used to permit the selection 
of individual packages. 

Output-voltage levels appear on the outputs 
only when the CHIP SELECT and READ/ 
WRITE signals are both low. Separate data 
inputs and outputs are provided; they may 
be tied together, or, to eliminate interaction 
between READ and WRITE functions, may 
be used separately. The circuit arrangement 
permits the outputs from many arrays to be 
tied to a common bus. 

AH input and output lines are buffered. The 
CD4061A output buffers are capable of 
direct Interfacing with TTL devices. 

The CD4061A is available in a hermetically 
sealed 16-lead dual-in-line ceramic package 
(CD4061AD) or in chip form (CD4061AH). 



I 



MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE^TEMPERATURE RANGE 

-65 to +150°C 

OPERATING-TEMPERATURE RANGE 

-55to+125°C 

DC SUPPLY-VOLTAGE RANGE: 

VoD^ -0.5 to +1 5 V 



DEVICE DISSIPATION (PER PACKAGE) 

200 mW 

ALL INPUTS Vss<V|<VdD 

RECOMMENDED DC SUPPLY VOLTAGE 

(VdD-Vss) 3 to 15 V 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max +265° C 



*The pin designations are compatible with other static 256-bit memories and are, therefore, not 
compatible with standard COS/MOS CD4000A-series devices; i.e., Vpp is pin 5 and Vgg is pin 4. 
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256 -BIT STORAGE ARRAY 



FOR SINGLE n^'AND p DEVICES <'^'-'- P-SUBSTRATES TIED TO Vpo 
I ALL n-SUBSTRATES TIED TO Vgs 



92CL-23852HI 



Fig. 1 - CD4061A logic diagram. 
CD4061A OPERATIONAL MODES 
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High-Impedance 


Write "1" 
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1 


High -Impedance 


Read 
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*Read Modify 
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Valid 1 orO/High- 


Write 
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Changing 


1 


X 


X 


High -Impedance 



X = Don't Care ____. 

*For a READ MODIFY WR ITE operation, CHIP SELECT may be held to logic for 
the whole operation. 
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STATIC ELECTRICAL CHARACTERISTICS 

(All inputs. . . Vsg<Vf<VQQ} 

(Recommended DC Supply Voltage (Vqq-V^s^ . 



.3 to 15 V) 



CHARAC- 
TERISTIC 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Vo 

(V) 


Vdd 

(V) 


-BB^C 


25°C 


125''C 


MIN. 


MAX. 


MIN. 


TYP. 


MAX. 


MIN. 


MAX. 


Quiescent De- 
vice Current, 

'l 

See Fig 14 




5 


- 


5 


- 


0.12 


5 


- 


150 


n^ 


10 


- 


10 


- 


0.25 


10 


- 


300 


Quiescent De- 
vice Dissipa- 
tion/Package, 

Pd 




5 


- 


- 




0.6 


25 


- 


750 


/iW 


10 


— 


— 


— 


2.5 


100 


— 


3000 


Output Volt- 
age 
Low-Level, 

Vol 




5 


- 


0.01 


- 





0.01 


- 


0.05 


V 


10 


~ 


0.01 


~ 





0.01 


~ 


0.05 


High-Level, 

Vqh 




5 


4.99 


- 


4.99 


5 


- 


4.95 


- 


10 


9.99 


- 


9.99 


10 


- 


9.95 


- 


Noise Immuni- 
ty, (All Inputs) 
See Fig 17 

Vnl 


0.8 


5 


1.5 




1.5 


2.25 




1.4 




V 


1 


10 


3 


- 


3 


4.5 


- 


2.9 


— 


Vnh 


4.2 


5 


1.4 


- 


1.5 


2.25 


- 


1.5 


- 


9 


10 


2.9 


- 


3 


4.5 


- 


3 


- 


Output Drive 
Current: 
(Data Out, 
Data Out) 
N-Channel 
(Sink), IdN 
See Figs. 3, 
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4.5 
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1.1 




mA 


0.5 


10 


4.3 


- 


3.5 


5 


- 
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- 


4, 12 




















P-Channel 
(Source), IpP 
See Figs. 5, 
6,13 
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-0.9 


-1.8 


_ 
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5 


-0.5 


- 


-0.4 


-0.8 


- 


-0.3 


- 


9.5 


10 


-1.1 


- 


-0.9 


-1.8 


- 
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Output Off 
Resistance 
(High-Imped- 
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10 






10 
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DYNAMIC ELECTRICAL CHARACTERISTICS 

atT^= 25° C, Vss = 0V,Cj_=50 pF, and t^, tf = 20 ns 



CHARACTERISTIC 


TEST 
CONDITIONS 


LIMITS 


UNITS 




Vdd 

(V) 


MIN.* 


TYP. 


MAX.* 


READ CYCLE TIME 


Read Cycle tpQ 




5 


1200 


1000 


- 


ns 


10 


550 


450 


- 


Address Setup *ADS 




5 


40 





- 


ns 


10 





— 


— 






5 


700 


500 


— 


ns 


Chip Select iqs 


10 


350 


250 


- 


Address Hold ^ADH 




5 


460 


- 


- 


ns 


10 


200 


- 


- 


Read Access tp/^ 




5 


- 


450 


750 


ns 


10 


- 


250 


380 


Data Out Hold t^QH 




5 


110 
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230 


ns 


10 


130 


160 


190 


Data Out Active ^qqa 




5 


80 


120 


160 


ns 


10 


40 


70 


100 


^TLH 




5 


- 


60 


100 


ns 


10 


- 


50 


75 


vjuipui 1 ransiiion 

^THL 
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- 


35 


60 


10 


_ 


25 


40 


Chip-Select 

Input Rise and t,-Q£ 
Fall Time, tfQ^ 
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- 


15 


JUS 


10 


-„ 


- 


5 


15 


- 


- 


1 


WRITE CYCLE TIME 


Write Cycle ty\iQ 
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1200 
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ns 


10 


550 


450 
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Address Setup ^ADS 
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40 
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10 





- 


- 






5 


700 
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Chip Select t^s 


10 


350 


250 
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Address Hold ^^DH 
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460 
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- 


10 


200 


— 


— 


Write Hold ^wRH 




5 


150 


100 
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10 


100 


70 


_ 


Write twRW 
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150 
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_ 


10 


100 


70 
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Data-in Setup t^js 




5 
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__ 


10 


80 


35 
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Data-in Hold t[)|H 
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25 


10 


_ 


10 


20 


10 


__ 



See Symbols Definitions. 



386 



General-Purposes Memories 



CD4061A 



a) REAO-CYCLE WAVEFORMS W/R= LOGIC "O" DATA IN = 00M'T CARE 



Y 



^ V 



De 



^( 



H*ADH 



HIGH IMPEDANCE '^ 



H < DOH h — 

'(" LEVEL Y 



LEVEL / HIGH IMPEDANCE 



) WRITE-CYCLE WAVEFORMS 



■r 



> 



" LEVEL A HIGH IMPEDANCE 



v= 



CHIP 
SELECT 



V 



/ v 



J^ 



♦ads t*" 



3k 



READ/WRITE 



J h *WRH ^1. 



_/-to,s— Pl^ 



NOTE: CHIP SELECT MUST BE HIGH DURING AN ADDRESS CHANGE 

Fig. 2 — Typical write-read waveforms. 
SYMBOL DEFINITIONS 

tpQ — Read Cycle Time — Time required 
between address changes during a 
read cycle. Minimum read cycle 
time is equal to t^oS^"^"^^ "*" ^CS 
(min) +tAD|-j(min). 

*ADS —Address Setup Time — Time re- 



quired before the Chip-Select volt- 
age level can be lowered after the 
slowest address transition. 

*ADH~ Address Hold Time - Time re- 
quired before the earliest address 
transition can take place after Chip- 
Select voltage level has been in- 
creased. t/^p^(min) + tAoS^"^'""'^ 
is the minimum time required to 
discharge internal nodes and allow 
setting of address decoders during 
an address transition. Chip-Select 
level must be high during each 
address change, even if only read or 
write cycles are successively per- 
formed. However, if address is not 
changed, the Chip-Select may re- 
main in its active (low) state during 
successive read and write cycles. 

Chip Select Time — Time required 



tcs 



tRA 



for the Chip Select to be active for 
a valid memory cycle. 

- Read Access Tim e — Measured 
from Chip Select negative going 
transition to the valid output data. 



tQOA ~~ Data-Out Active — Time required 
before the high-Impedance state of 
Data Output Is changed to a low- 
voltage state and Data output Is 
changed to a high-voltage state. (If 
the read out data from a selected 
storage location is logic "^", then 
Data Output will rise and Data 
Output will fall. If the read out 
dat a is lo gic "0", both Data Output 
and Data Output will maintain their 
original states. 

tpoH ~ Data-Out Hold —Time required for 
the Data Output and Data Output 
to change from an active to a high- 
impedance state. 

twc —Write Cycle Time — Time required 
between address changes during a 
write cycle. This time sets the 
maximum operating speed for the 
memory, with a minimum cycle 
time equal to tAos^"^'"^ "^ *^ 
(min) +tADH^"^'"i- 

%RH~ Write Hold Time — Time required 
before the negative transition of 
R/W pulse with respect to the nega- 
tive transition of the Chip-Select 
signal. 

to IS —Data-in Setup Time — Time re- 
quired for the data input to be valid 
before the negative transition of the 
R/W pulse. 
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tpiH ~ Data-in Hold Time - Time required 
for the data input to be valid after 
R/W pulse is returned to a low 
level. The minimum data-in width is 
equal to tQisimin) + toiH('Ti"^)- 

%RW~W'''*£ ^'^^'^ — Time required for 
the R/W pulse to be high. Note that 
the positive transition o f this signal 
can be made after the Chip-Select 
signal is high, ^n addition, the high 
state of the R/W signal shall be 
within the Chip-Select active state 
by at least a ty^/RH period. 
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DRAIN-TO-SOURCE VOLTAGE {Vos) — V 

Fig. 3 — Typical n-channef drain characteristics. 
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Fig. 5 — Typical p-channei drain characteristics. 
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Fig. 7 — Typical low-to-high transition time 
(tTLHi ^s. Ci_. 
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Fig. 4 — Minimum n-channel drain characteristics. 
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Fig. 6 — Minimum p-channel drain characteristics. 
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Fig. 8 - Typical high-to-low transition time 
<^THL) ^s. Cl. 
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100 150 200 250 300 350 
92CS-23860 LOAD CAPACITANCE (Cl) - pF 

Fig. 9 — Typical read access time (tfj/^) vs. Ci^. 
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READ OR WRITE CYCLE TIME (»RC,»WC) — m« 92CS-238 

Fig. 11 — Typical power dissipation us. cycle time. 



Note: At address 0, "1 " stored in 
memory. 
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Fig. 13 — P-channel drive current. 
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Fig. 10 — Typical read access time (tfj^) vs. 
temperature. 
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Note: At address "0","0" stored in 

memory. 
Fig. 12 — N -channel drive current. 
Note for Fig. 12 and Fig. 13: 
Power dissipation measured using random data 
pattern. Input pulse delays and widths set to 
minimum values specified on data sheet with the 
exception of cycle time, 15 V setups identical to 
10 V data sheet values, with the exception of 
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Fig. 14 — Quiescent device current. 
Quiescent Device Current Test Conditions 
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Fig. 15 — Operating life. 
Note: Connection to al! terminals In Figs. 15 & 16 (except 4 and 5) are made through 47 kn resistors. 
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Description of Test: 

Functional test run with random 
data input. All inputs toggle be- 
tween 30% and 70% of Vpp. 



Fig. 16- BiasUfe. 
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Fig. 17 - 


Noise immunity. 
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Dimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. 
Grid Graduations are in Mils (W~"^ inch). 

Dimensions and pad layout for CD4061A. 
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Preliminary Data 



CD40061, CD40061A 



COS/MOS 256-Word by 1-Bit 
Static Random-Access 
Memory 



Features: 

■ Organization - 256-words by 1-bit 

■ COS/IVIOS compatible inputs and outputs 

■ Low power dissipation (typ.) @ 700 nS 
cycle time: 

10 nW/Bit standby @ Vpp = 5 V 
0.1 mW/Bit operating @ Vpo = 5 V 
40 nW/Bit standby @ Vqd - 10 V 
0.4 mW/Bit operating @ Vpo = 10 V 

■ Access time (typ.): 

265 nS @ Vdd = 10 V; 700 nS @ Vqd = 5 V 

■ Noise immunity (typ.): 30% of Vpo 

■ TTL output drive capability 

■ 3-State complementary data outputs 

■ Separate data-in and data-out lines 
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TERMINAL 
ASSIGNMENT 



The RCA-CD40061 and CD40061A are 256- 
word by 1-bit COS/MOS fully static random 
access memories. They are similar in terminal 
arrangement and function to the CD4061A, 
except that the requirement for the Chip- 
Select input to return to a high level between 
address changes in eliminated. 

The CD40061AD and CD40061AE have 
maximum supply voltage ratings of 12 V; 
the CD40061 E maximum rating is 7 V. These 
devices are fully decoded and utilize eight 
Address inputs (AQ-Ay) to select one of the 
256 storage locations. Additional connections 
are provided for an active Low Chip-Select 
(CS), a Read/Write command (R/W), a Data 
input (DATA IN), an active High 3-State 
Output (DATA OUT), and an active Low 3- 



State Output (DATA OUT). DATA OUT is 
the same voltage state as DATA IN. 

The Chip-Select Input must be low to enable 
the Read or Write operations. A high level 
both inhibits these functions and causes the 
outputs to exhibit a high impedance. Output 
voltage levels appear at the output only when 
both CS and R/W inputs are at low levels. 
These outputs interface directly with TTL 
devices. 

Both the CD40061E and CD40061AE are 
supplied in 16-lead dual-in-line plastic pack- 
ages. The CD40061A is supplied in a her- 
metically sealed 16-lead dual-in-line ceramic 
side-brazed package. The CD40061 is also 
supplied in chip form (H suffix). 



CD40061 and CD40061 A OPERATIONAL MODES 



MODE 






DATA OUT 




CHIP-SELECT 


READ/WRITE 
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Write 
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High Impedance 
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1 = High Level 



= Low Level 



X = Don't Care 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY-VOLTAGE RANGE (Vdd - ^SS)'- 

CD40061 E -0.5 to 7 V 

CD40061AD, CD40061A€ -0.5 to 12 V 

RECOMMENDED DC SUPPLY VOLTAGE RANGE (Vqd - Vss): 

CD40061 E . , 3 to 6 V 

CD40061AD, CD40061AE 3 to 11V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT ANY ONE INPUT ±10 m A 

RECOMMENDED INPUT VOLTAGE SWING Vqd to Vss 

DEVICE DISSIPATION (per package) 200 mW 

OPERATING-TEMPERATURE RANGE: 

CERAMIC-PACKAGE TYPE (CD40061 AD) -55to+125°C 

PLASTIC-PACKAGE TYPES (CD40061E,CD40061AE) -40 to +85°C 

STORAGE-TEMPERATURE RANGE -65 to +150°C 

LEAD TEMPERATURE (During soldering): 
At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max 265°C 
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AO©— 

AKgH* g 
o 

A2(3)— I 
A30— • 



A4 A5 A6 A7 
© ® ® ® 



16X16 
MEMORY 
ARRAY 



\ DATA OUT 

OUTPUT I @ 
BUFFER | __^ 

DATA OUT 



Vss—® 
Vdd—® 

NC — ® 



Fig. 1 - Functional b/ock diagram for CD40061 and CD40061A. 



STATIC ELECTRICAL CHARACTERISTICS 

Values shown for Vqq = 5 V apply to all types, values shown for Vqq = 10 V apply to the 
CD40061AD and CD40061AE only. 



CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 
Full Temp. Range 


TYPICAL 
VALUES 


UNITS 


Vo(V) 


vdd(v) 


Min. 


Max. 


at 250c 


Quiescent Device 
Current, IpD 




5 
10 


- 


10 
20 


0.5 
1 


ma 


Output Voltage, Low 
Level, Vol 




5 
10 


- 


0.05 
0.05 






V 


Output Voltage, High 
Level, Vqh 




5 
10 


4.95 
9.95 


_ 


5 
10 


V 


Output Current, Low 
Level, IQL 


0.4 
0.5 


5 
10 


0.85 
2.1 


- 


1.1 
2.8 


mA 


Output Current, High 
Level, IQH 


4.5 
9 


5 
10 


-0.3 
-0.6 


: 


-0.4 
-0.9 


mA 


Noise Innmunity, All 
Inputs Low, V|\|L 


0.8 
1 


5 
10 


1 
2 


- 


1.5 
3 


V 


Noise Immunity, All 
Inputs High, V^h 


4.2 
9 


5 
10 


1 
2 




1.5 
3 


V 


Output Resistance, Off 
State, Ro(off) 




5 
10 


5 
5 


~ 


10 
10 


M« 
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DYNAMIC ELECTRICAL CHARACTERISTICS at VpD ± 5%, Input t^, 
tf - 20 ns, and C| = 50 pF, see Note 2. 

Values shown for Vqq = 5 V apply to all types; values shown for Vqq =10 V apply to 
the CD40061AD and CD40061AE only. 
READ CYCLE TIMES (For waveforms, see Figs. 2, 3, and 4) 



CHARACTERISTIC 


TEST 
CONDITIONS 

Vdd(V) 


LIMITS* 
Full Temp. Range 


TYPICAL 
VALUES 
at 250c 


UNITS 


Min. 


Max. 


Chip-Select, (Note 1) 


tcs 


5 
10 


880 
380 


— 


720 
290 


ns 


Address Setup, (Note 2) 


^ADS 


5 
10 


40 
20 


— 


20 
10 


ns 


Address Hold, 


^ADH 


5 
10 






- 


-5 
-5 


ns 


Read Setup, 


tRDS 


5 
10 






- 


-5 
-5 


ns 


Read Hold, 


tRDH 


5 
10 






_ 


-5 
-5 


ns 


Data Out Hold, 


^DOH 


5 
10 


- 


65 
40 


40 
20 


ns 


Data Out Active, 


tDOA 


5 
10 


- 


50 
35 


35 
25 


ns 


Read Cycle, (Note 3) 


tRC 


5 
10 


880 
380 


- 


720 
290 


ns 


Access, 


^ACC 


5 
10 


~ 


850 
345 


700 
265 


ns 



WRITE CYCLE TIMES (For waveforms, see Figs. 2,3, and 4) 



CHARACTERISTIC 


TEST 

conditions 
Vdd(v) 


LIMITS* 
Full Temp. Range 


TYPICAL 
VALUES 
at 250c 


UNITS 


Min. 


Max. 


Chip-Select, 


tcs 


5 
10 


420 
200 


- 


350 
150 


ns 


Address Setup, (Note 2) 


^ADS 


5 
10 


40 
20 


- 


20 
10 


ns 


Address Hold, 


^ADH 


5 
10 






- 


-5 
-5 


ns 


Write Setup, 


%RS 


5 
10 


330 
190 


- 


270 
140 


ns 


Write Width, 


%RW 


5 
10 


330 
190 


~ 


270 
140 


ns 


Data In Setup, 


tDIS 


5 
10 






: 


-5 
-5 


ns 


Data In Hold, 


^DIH 


5 
10 


40 
20 


- 


20 
10 


ns 


Write Cycle, (Note 3) 


%C 


5 
10 


480 
240 


- 


400 
180 


ns 



For footnotes, see page 4. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 

READ/MODIFY/WRITE TIMES (For waveforms, 



(Cont'd) 

see Figs, 2, 3, and 4) 



CHARACTERISTIC 


TEST 
CONDITIONS 

Vdd<V) 


LIMITS* 
Full Temp. Range 


TYPICAL 
VALUES 
at 250C 


UNITS 


Min. 


Max. 


Chip-Select, (Note 1) 


tcs 


5 
10 


1190 
545 


— 


980 
410 


ns 


Address Setup, (Note 2) 


tADS 


5 
10 


40 
20 


- 


20 
10 


ns 


Address Hold, 


^ADH 


5 
10 



p 


- 


~5 
~5 


ns 


Read Setup, 


tRDS 


5 
10 






- 


-5 
-5 


ns 


Data Out Active, 


^DOA 


5 
10 


- 


50 
35 


35 
25 


ns 


Previous Data Hold, 


tPDH 


5 
10 


- 


65 
40 


50 
25 


ns 


Access, 


^ACC 


5 
10 


- 


850 
345 


700 
265 


ns 


Read Width Effective, 


tRDW 


5 
10 


860 
355 


— 


710 
270 


ns 


Write Setup, 


%RS 


5 
10 


330 
190 


- 


270 
140 


ns 


Write Width, 


tWRW 


5 
10 


330 
190 


— 


270 

140 


ns 


Data In Setup, 


tDIS 


5 
10 






_ 


-5 
-5 


ns 


Data In Hold, 


^DIH 


5 
10 


40 
20 


- 


20 
10 


ns 


Read/Modify /Write 
Cycle, (Note 3) 


tRWC 


5 
10 


1230 
570 


— 


1000 
430 


ns 



The maximum and minimum limit values of the 
dynamic characteristics un,der worst operating 
conditions are based on the time durations ex- 
pressed in Fig^. 2, 3, and 4, The minimum limit 
indicates the shortest time generated at the out- 
put or required at the input. The maximum limit 
indicates the longest time generated at the out- 
put or required at the input. The typical values 
are for 25°C and nominal voltage. Timing 
measurements for the transition period are taken 
at either the 0.8 Vqq or 0.2 Vpo point. 



Note 1 ~ The chip-select times specified provide an 
active output data time of 50 ns minimum. 

Note 2 — Address rise and fall times must be equal 
to or less than 1 fxs under all conditions 
and for all modes. 

Note 3 — Cycle time defines the shortest time in 
which this memory will correctly per- 
form its desired function. 



CAPACITANCES (V, = 0, f = 


IMHz) 








CHARACTERISTICS 


Min. 


Typ. 


Max. 


UNITS 


Address Input, C/^ 


- 


9 


- 


PF 


Chip-Select, C^s 


- 


9 


- 


PF 


Read/Write Input, Owe 


- 


5 


- 


pF 


Data Input, Cdj 


~ 


5 


- 


pF 


Data Output, Cqq 


- 


10 


- 


pF 



394 



General-Purposes Memories 



CD40061,CD40061A 



CHIP-SELECT 
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•— »R0H 
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Fig.2 - Read cycle waveforms for CD40061, CD40061A. 
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Fig.3 - Write cycle waveforms for CD40061, CD40061A. 
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Fig.4 - Read/modify/write cycle waveforms for CD4006U CD40061A. 
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Preliminary Data 



COS/MOS 64-Bit Random 
Access Memory 



High-Voltage Types (20- Volt Rating) 
Features: 

■ Input address latch 

■ 3-state outputs 

■ Low-power TTL compatible 

■ Equivalent to and pin-oompatible with National 74C89 

■ Pin -compatible with 74S189 

■ Buffered inputs and outputs 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JED EC Tentative Standard 
No. 13A, "Standard Specifications for description of 
"B" Series CMOS Devices" 



A» — 


1 


^ 16 


— Vdd 


ME — 


2 


15 


— B» 


WE — 


3 


14 


— c* 


DII — 


4 


13 


— D* 


d5i — 


5 


12 


— DI4 


DI2 — 


6 


II 


— BW 


1552-^ 


7 


10 


— DI3 


vss — ' 


8 


9 


— 555 




TOP VIEW 






92CS- 30960 


*ADORESS 


NPUTS 





The RCA-CD40114B is a 16-word x 4-bit 
random access memory (RAM) wi th four 
address i nputs, four da ta inputs, a WRITE 
EJ^BLE{WE) input,a MEMORY ENABLE 
(ME) input, and four 3-state data outputs. 
The four address inputs are decoded in- 
ternally to select one of the 16 possible 
word locations. The address information is 
latched on the negative edge of the ME input 
by an internal address register. The selected 
output assumes a high-impedance condition 
when the device is writing or disabled. The 
ME input and the 3-state outputs allow 
memory expansion. 



Applications: 

■ Main frame ■ Scratch-pad 
memories memories 

■ Memory storage ■ Games 



ME 


WE 


OPERATION 


CONDITION OF 
OUTPUTS 


L 


L 


Write 


3-STATE 


L 


H 


Read 


Complement of 
Selected Word 


H 


L 


Inhibit, 
Storage 


3-STATE 


H 


H 


Inhibit, 
Storage 


3-STATE 



DATA INPUT 4 ~ 

DATA INPUT 3- 

DATA INPUT 2- 

DATA INPUT I- 






al| 



D-S 



ADDRESS 
LATCH/ 
DECODER 



> IS ^ |7 410 



9^412 



READ/ WRITE 



'mEMORYiARRAY 
I I 

I I 



♦ DATA OUTPUT 
♦DATA OUTPUT 
♦OATAOiTPUT 



iF-^r 



PUTS ARE } y 



92CS-29202R2 



ALL INPUTS Anc . w „ 

PROTECTED BY SS 

COS/MOS PROTECTION 
NETWORK 



Fig. 1 ~ Functional Block Diagram 
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Address Operation 

The high-to-low transition of ME enables the 
memory. Address inputs must be stable 
(either high or low) prior to and during this 
transition, but it is not necessary to hold 
them stable beyond it. 

Write Operation 

When WE and ME are low, information 
present at the data Inputs is written into 
the memory at the selected address. 



Read Operation 

When ME is low and WE is high the comple- 
ment of the memory contents at the selected 
address location are non-destructively read 
out at the four data outputs. 

The CD40114B is supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead plastic packages (E 
suffix), and in chip form (H suffix). 



RECOMMENDED OPERATING CONDITIONS 

for maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


MIN. 


MAX. 


Supply-Voltage Range (For T^ = Full Package 
Temperature Range) 


3 


18 


V 



MAXIMUM ?K/KimQS. Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vpp) 

(Voltages referfenced to V55 Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DCINPUTCURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq) 

For T;^ = -40 to +60°C (PACKAGE TYPE E) ^ 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F) ^ 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^) 

PACKAGE TYPES D, F. H -55to+125^C 

PACKAGE TYPE E -40 to +85**C 

STORAGE TEMPERATURE RANGE (Tj,) -65to+150**C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s nnax +265 C 
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f" 
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ENABLE 



Voo- 



Vdo- 



7' 



5Voo 
TLZ 



|-^*tl: 



T 
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Fig. 2 — Output low to high-impedance 
transition time test circuit 
and waveforms. 



Fig. 3 - Output high to high-impedance 
transition time test circuit 
and waveforms. 
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READ CYCLE 
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Fig. 4 — Read cycle waveforms. 
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f /fli, 5 — Write cycle waveforms 
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Fig. 6 — Read-modify-write cycle waveforms. 
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STATIC ELECTRICAL CHARACTERISTICS 



CHARACTER- 
ISTIC 


CONDITIONS 


LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D^F.H Packages 
Values at -40, +25, +85 Apply to E Package 


UNITS 


Vq 

(V) 


V|N 

(V) 


Vdd 

(V) 






+25 


-55 


-40 


+85 


+125 


Min. 


Typ. 


Max. 


Quiescent Device 
Current, 
IDD Max. 


- 


0,5 


5 


5 


5 


150 


150 


~ 


0.04 


5 


AtA 


- 


0,10 


10 


10 


10 


300 


300 


- 


0.04 


10 


- 


0,15 


15 


20 


20 


.600 


600 


- 


0.04 


20 




0,20 


20 


100 


100 


3000 


3000 


- 


0.08 


100 


Output Low 
(Sink) Current 
Iql '^•r*- 


0.4 


0.5 


5 


0.64 


0.61 


0.42 


0.36 


0.51 


1 


- 


mA 


0.5 


0,10 


10 


1.6 


1.5 


1.1 


0.9 


1.3 


2.6 


~ 


1.5 


0,15 


15 


4.2 


4 


2.8 


2.4 


34 


6.8 


- 


Output High 
(Source) 
Current, 
IQH Min. 


4.6 


0,5 


5 


-0.64 


-0.61 


-0.42 


-0.36 


-0.51 


-1 


- 


2.5 


0.5 


5 


-2 


-1.8 


-1.3 


-1.15 


-1.6 


-3.2 


- 


9.5 


0,10 


10 


-1.6 


-1.5 


-1.1 


-0.9 


-1.3 


-2.6 


- 


13.5 


0,15 


15 


-4.2 


-4 


-2.8 


-2.4 


-3.4 


-6.8 


- 


Output Voltage: 
Low-Level, 
Vol Max. 


- 


0.5 


5 


0.05 


- 





0.05 


V 


- 


0,10 


10 


0.05 


- 





0.05 




0,15 


15 


0.05 


- 





0.05 


Output Voltage: 
High-Level, 
VoH Min. 




0,5 


5 


4.95 


4.95 


5 


- 


- 


0,10 


10 


9.95 


9.95 


10 


- 


_ 


0,15 


15 


14.95 


14.95 


15 


- 


Input Low 
Voltage, 
V|L Max. 


0.5, 4.5 


_ 


5 


1.5 


- 


~ 


1.5 


V 


1,9 


- 


10 


3 


— 


— 


3 


1.5,13.5 


- 


15 


4 


- 


- 


4 


Input High 
Voltage, 
V|H Min. 


0.5, 4.5 


-_ 


5 


3.5 


3.5 


- 


— 


1,9 


- 


10 


7 


7 


— 


— 


1.5,13.5 


- 


15 


11 


11 


- 


" 


Input Current 
l|N Max. 


- 


0,18 


18 


±0.1 


±0.1 


±1 


±1 


- 


±10-5 


±0.1 


/iA 


3-State Output 
Leakage Current 
IqutMbx. 


0,18 


0,18 


18 


±0.4 


±0.4 


±12 


±12 


- 


±10--^ 


±0.4 


^A 



I 
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ELECTRICAL CHARACTERISTICS at T/y = 250C, Cl = 50 pF, Rl = 200 k^, t^, tf = 20 ns 
Unless Otherwise Specified 



CHARACTERISTIC 


1 


LIMITS 
Typ. Max 


UNITS 


TEST 
CONDITIONS 


Vdd 

(V) 


Access Time From Address Change, t/s^/^ 




5 

10 
15 


325 650 
140 280 
120 240 


ns 


Min. Address Setup Time, t/^s 




5 

10 
15 


75 150 
30 60 
25 50 


ns 


Min. Address Hold Time, t/^^ 




5 
10 
15 


30 60 
20 40 
15 30 


ns 






5 
10 
15 


200 400 
75 150 
60 120 


ns 


Min. Memory Enable Pulse Width, tjyiE tf^£ 






5 
10 
15 







ns 


Min. Write Enable Setup Time For a Read, tg^ 






5 
10 
15 


- ^ME 

- ^ME 

- ^ME 


ns 


Min. Write Enable Setup Time for a Write, ty\i^ 






5 
10 
15 


150 300 
50 100 
40 80 


ns 


Min. Write Enable Pulse Width, t^ 


Min. Data Input Hold Time, tj_j 




5 
10 
15 


25 50 
12 25 
10 20 


ns 


Min. Data Input Setup Time, t3 




5 

10 
15 


25 50 
12 25 
10 20 


ns 


Propagation Delay Time from Output-high 
or Output-low ^0 High-Impedance State 


RL = 10kn 
Cl=5pF 


5 
10 
15 


150 300 
60 120 
50 100 


ns 


from Memory Enable 


Propagation Delay Time from Output-high 
or Output-low to High-Impedance State 


R|_ = 10kn 
Cl = 5pF 


5 

10 
15 


150 300 
60 120 
50 100 


ns 


from Write Enable 






5 

10 
15 


250 500 

100 200 

80 160 


ns 


Propagation Delay Time From Memory 


tnabie, t^^ 


Input Capacitance, C||^ 


Any Input 




5 7.5 


PF 


Output Capacitance, CquT 


Any Output 




6.5 13 


PF 
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A7 
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TOP VIEW 


92CS- 34993 


CDM5332 


TERMINAL ASSIGNMENT 



Preliminary Data 



CDIMI5332, CDIM5333 



CMOS 4096-Word x 8-Bit Static 
Read-Only l\/lemory 



Features: 

■ Low power replacement for NMOS ROMS 

■ Choice of two industry standard pin outs: 

C DM5332 Is pin compatible with INTEL 2732 and 2332 A 

CDM5333 is pin compatible with Supertex CM3200, Tl TMS 4732, 

Motorola MCM 68732 and MCM 68A332 

■ Fast access time: 450 nsatSV 

■ TTL input and output compatible 

■ Three state outputs 

■ Two programmable chip selects 



The RCA CDM5332 and CDM5333 are 32,768-blt mask- 
programmable CMOS Read Only Memories organized as 
4096-word x 8-bits and are designed for use In general 
purpose microprocessor systems, such as the CDP1800- 
serles system. Two chip-select inputs (CS1, CS2) are 
provided for memory expansion. Chip selects CS1 and CS2 
directly gate the output buffers. Chip select CS2 gates the 
address decoder for the standby mode. The polarity for 
each chip select is user mask-programmable. (See Data 



Programming Instructions In this data sheet). 

The CDM5332 and CDM5333 differ only in terminal 
assignments and are pin compatible with standard industry 
types. CDM5332 is pin compatible with Intel 2732 and 
2332A. CDM5333 is pin compatible with Supertex CM3200, 
T.I. TMS4732, and Motorola MCM68732 and MCM68A332. 
The CDM5332 and CDM5333 are supplied in 24-lead dual- 
in-line ceramic packages (D suffix) and 24-lead dual-in-line 
plastic packages (E suffix). 
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Fig. 1 - Typical CDP1 800 series microprocessor system. 
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CDM5333 
TERMINAL ASSIGNMENT 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VOD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60*C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/*C to 200 mW 

For Ta = -55 to +100*»C (PACKAGE TYPE D) 500 mW 

For TA = +100 to 126°C (PACKAGE TYPE D) Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125»C 

PACKAGE TYPE E -40 to +85»C 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150*C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265*C 

RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85*»C 

For maximum reliability, nominal operating conditions should be selected so that operation Is always within the following 

ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


MIn. 


Max. 


DC Operating Voltage Range 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd = 5 V ± 10%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 
ALL TYPES 


UNITS 


Vo 
(V) 


ViN 

(V) 


MIn. 


Typ.* 


Max. 


Quiescent Device Current IddA 


— 


0. Vdd 


— 


2 


60 


M 


Output Low Drive (Sink) Current Iol 


0.4 


O.Vdd 


1.8 


3.6 


— 


mA 


Output' High Drive (Source) Current Ioh 


Vdd -0.4 


0, Vdd 


-0.4 


-0.8 


— 


Output Voltage Low-Level Vol 


— 


0, Vdd 


— 





0.1 


V 


Output Voltage High-Level Voh 


— 


0, Vdd 


Vdd -0.1 


Vdd 


- 


Input Low Voltage Vil 


0.5, Vdd -0.5 


— 


— 


— 


0.8 


Input High Voltage Vih 


0.5. Vdd -0.5 


— 


2.4 


— 


— 


Input Leakage Current (Any Input) Iin 


— 


0. Vdd 


~ 


— 


±1 


M 


3-State Output Leakage Current lour 


0, Vdd 


0, Vdd 


- 


— 


±1 


Input Capacitance Cin 


— 


— 


— 


5 


7.5 


PFIL 


Output Capacitance Cout 


— 


— 


— 


10 


16 


Standby Device Current IsbyA 


- 


0.8V,2.4V 


— 


0.25 


0-5 


rnA 


Operating Device Current IoperA 


— 


0.8V,2.4V 


— 


7.5 


16 



•Typical values are for Ta = 25° C and nonninal Vdd. 
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STATIC CHARACTERISTIC Device Current Test Conditions: 



CHARACTERISTIC 


CHIP SELECT 
STATUS 


ADDRESS 

INPUT TO TOGGLE 

FREQUENCY 


OUTPUT 
LOADING 


Idd Quiescent 
Device Current 


Any Chip 
Select Disabled 





Open Circuit 


isBY — Standby 
Device Current 


CS2 Disabled 
at TTL Level 


1 I^Hz 


Open Circuit 


lopER — Operating 
Device Current 


CS2 Active 
CS1 Don't Care 


1 MHz 


Open Circuit 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85^ C, Vdd = 5 V ± 10%, 
Input tr, tf = 10 ns, Cl = 100 pf, 1 TTL Load 



CHARACTERISTIC 


LIMITS 


UNITS 


Mln.^ 


Typ.» 


Max. 


Address Access Time tAA 


— 


— 


450 


ns 


Data Hold from Address or CS2 tOH 


50 


— 


— 


CS1/0E Enable to Bus Active tax 





_ 


150 


Data Float from CS1/0E Disabled top 


— 


— 


120 


Output Hold from CS1/0E Disabled toH 





- 


- 



■^Time required by a limit device to allow for the indicated function. 
•Typical values are for Ta = 25° C and nominal Vdd. 
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"♦aa~ 



>c 



■ ^active^^ 



>c 



yc 
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Fig. 2 - Timing waveforms. 
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Fig. 3 - Functional block diagram. 

ROM ORDERING INFORMATION 

All RCA mask-programmable ROM's are custom-ordered diskette generated on an RCA development system, or 
devices. ROM program patterns can be submitted to RCA computer punch cards, 
by using a master device (ROM, PROM or EPROM), a floppy 

DATA PROGRAMMING INSTRUCTIONS 



When a customer submits instructions for programming 
RCA custom ROM's, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together y^Wh the programming instructions. 
Programming instructions may be submitted in any one of 
three ways, as follows: 

1. Computer-Card Deck — use standard 80-column 
computer punch cards. 

2. Floppy Diskette — diskette information must be 
generated on an RCA CDP1800-series microprocessor 
development system. 

TITLE 



3. Master Device —a ROM, PROM, or EPROM that contains 
the required programming information. 

The requirements for each method are explained in detail in 
the following paragraphs: 

Computer-Card Method 

Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 

CARD 



Column No. 


Data 


1 


Punch T 


2-5 


leave blank 


6-30 


Customer Name (start at 6) 


31-34 


leave blank 


35-54 


Customer Address or Division (start at 35) 


55-58 


leave blank 


59-63 


RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


64 


leave blank 


65-71 


RCA device type, without COM prefix, e.g. 5332E 


72 


Punch an opening parenthesis ( 


73 


Punch 8 


74 


Punch an closing parenthesis ) 


75-78 


leave blank 


79-80 


Punch a 2-diglt decimal number to Indicate the deck number; 




the first deck should be numbered 01 



404 



General-Purposes Memories 



CDM5332, CDM5333 



DATA PROGRAMMING INSTRUCTIONS (Confcl) 
OPTION CARD 



Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. 


Data 


1-6 


Punch the word OPTION 


7 


leave blank 


8-17 
18-27 


RCA device type. Including CPM prefix, e.g. CDM5332E 
leave blank 


28-29 


Punch P or N per ROM Information Sheet 


30-39 
40-78 
79-80 


Punch X or leave blank per ROM Information Sheet 
leave blank 

Punch the deck number (the 2-diglt number In 
columns 79-80 of the title card) 



DATA-FORMAT CARD 



The data-format card specifies the form In which the data is to be entered into ROM. 


Column No. 


Data 


1-11 


Punch the words DATA FORMAT 


12 


leave blank 


13-15 


Punch the letters HEX 


16 


leave blank 


17-19 


Punch POS 


20-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number In 




columns 79-80 of the title card 



DATA CARDS 



The data cards contain the hexadecimal data to be programmed Into the ROM device. 




Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. j 


Column No. 


Data 




Column No. 


Data 


1-4 


Punch the starting address 


26-27 


2 hex digits of 9th WORD 




in hexadecimal for the 




28-29 


2 hex digits of 10th WORD 




following data.* 




30 


Blank 


5 


Blank 




31-32 


2 hex digits of 11th WORD 


6-7 


2 hex digits of 1st WORD 




33-34 


2 hex digits of 12th WORD 


8-9 


2 hex digits of 2nd WORD 




35 


Blank 


10 


Blank 




36-37 


2 hex digits of 13th WORD 


11-12 


2 hex digits of 3rd WORD 




38-39 


2 hex digits of 14th WORD 


13-14 


2 hex digits of 4th WORD 




40 


Blank 


15 


Blank 




41-42 


2 hex digits of 15th WORD 


16-17 


2 hex digits of 5th WORD 




43-44 


2 hex digits of 16th WORD 


18-19 


2 hex digits of 6th WORD 




45 


Blank If last card, semicolon 


20 


Blank 






follow 


21-22 


2 hex digits of 7th WORD 




46-78 


Blank 


23-24 


2 hex digits of 8th WORD 




79-80 


Punch 2 decimal digits 


25 


Blank 






as in title card 



I 



*The address block must be contiguous starting at an even-numbered address. 
Column 4 must be zero. 
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To minimize power consumption, all unused ROM locations 
should contain zeros. 

Floppy-Diskette Method 

The diskette contains the ROM address and data 
information. Title, option, and data-format information, 
which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specify the RCA Development System used to 
generate the diskette (CDP18S005, CDP18S007. or 
CDP18S008) and supply a track number or file name. If 
possible, include a printout of the program for verification 
purposes. The format of the address and data Information is 
essentially the same as that described for Computer-Card 
method with the addition of a carriage-return character at 
the end of each line and an end-of-flle character <DC3) at 
the end of the file. 

Master-Device Method 

Data may be submitted on a master ROM, PROM, or 
EPROM device. Title, option, and data-format information, 



which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specify the master device type; RCA will accept 
Intel types 1702, 2704, 2708, 2716. 2732, 2332A, 2758, 
Supertex CM3200, T.I. TMS4732, Motorola type: MCM68732 
and MCM68A332 or their equivalents as well as RCA type 
CDP18U42. If the ROM to be manufactured is smaller in 
memory size than the master device, or if more than one 
ROM pattern is stored in the master device, the starting 
address and size of each pattern must be stated on separate 
ROM Information Sheets. 

If the Master-Device is smaller than 4 kilobytes, the starting 
address of each Master-Device must be clearly identified. 

For additional Information refer to the following RCA 
publications: 

"Sales Policy and Programming InstructlonsforF^CA Custom 
ROMs", RPP-610. 

"Programming 2732 PROMs with the CDP18S480 PROM 
Programmer", RCA Application Note ICAN-6847. 



ROM INFORMATION SHEET 

How is ROM pattern being submitted to RCA? 
check one Computer Cards D (Complete part B) 

Floppy Dislcette n (Complete parts A, B, and D) 

Master Device (PROM) D (Complete parts A, B, and C) 



< 

2 


6-30 
35-54 
59-63 
65-71 


Customer Name (start at left) 


Address or Division 


III 1 1 1 1 




1 1 1 1 1 1 1 1 II II II II II II 




1 1 1 1 1 RCA Custom Number (Obtained from RCA Sales Office) 




ll 1 1 1 1 j ROM Type (without CDM prefix), e.g. 5332E 



CO 

< 
a. 


ROM TYPE >^ 
Circle y/^ 

//^ Functions 


Circle the ROM type desired, then circle one letter (P, N, or X) 

In each column for that ROM. 
P = active when logic 1, N = active when logic 0, X = don't care 


CS1 


CS2 


















CDM5332 
Polarity Options 


f^N 


PN 


X 


X 


X 


X 


X 


X 


X 


X 


CDM5333 
Polarity Options 


FN 


PN 


X 


X 


X 


X 


X 


X 


X 


X 


Column # 


28 


29 


30 


31 


32 


34 


36 


37 


38 


39 



O 

1 


If a master device is submitted, 
state type of ROM/PROM; 

Starting and last address 
of data block in the 
Master Device (in Hex). 


ill II 1 II 



If a diskette is submitted, check type of 
RCA Development System used: 
a CDP18S005 



Specify: Track # |~y~| 

Software program used: 
(check one) 
D ROM SAVE 
D SAVE PROM 



D CDP1 88007 
D CDP18S008 

Specify: File Name: 
(check one) 
D MEM SAVE 
D SAVE PROM 
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Preliminary Data 
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A7 


. ^ 24 


1 VOD 


A6 


2 23 


A8 


A5 


3 22 


A9 


A4 


4 21 


WE 


A3 


5 20 


OE 


A2 


6 19 


AlO 


A1 


7 18 


?S 


AO 


8 17 


1/08 


I/OI 


9 16 


1/07 


1/02 


10 15 


1/06 


1/03 


II 14 


f /05 


vss — 


12 13 


1/04 




TOP VIEW 
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-35043 


TERMINAL ASSIGNMENT 



CMOS 2048-Word by 8-Bit 
LSI static RAM 



Features: 

■ Fully s ta tic opera tion 

■ Single power supply - 4.5 V to 5.5 V 

m All inputs and outputs directly TTL compatible 

■ 3'State outputs 

■ Industry standard 24 pin configuration 

■ Input address buffers gated off with chip deselect 

■ Fast access time 

■ Low standby and operating power - Iddsi = 1 jjA typical, Ioper = 35 mA 

maximum 

■ Data retention voltage - 2 V min. 

■ Operating temperature range {Max. Rating) - 0° to 70°C 



The RCA-CDM6116 is a 2048-word by 8-bit static random- 
access memory. It is designed for use in memory systems 
where high-speed, low power and simplicity in use are 
desirable. This type has common data input and data output 
and utilizes a single power supply of 4.5 V to 5.5 V. 



The input address buffers are gated off with chip deselect 
for minimum standby power with inputs toggling. 

The CDM6116 is supplied in 24-lead, hermetic, dual-in-line 
side-brazed ceramic (D suffix) and in 24-lead dual-in-line 
plastic packages (E suffix). 
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CONTROL 
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1/08 
1/07 
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1/05 
1/04 
1/03 
1/02 
1/01 



I 



Fig. 1 - Functional block diagram. 



• vdd 



TRUTH TABLE 
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CS 


oF 


WE 


AO TO AlO 


MODE 


DATA I/O 


H 


X 


X 


X 


STANDBY 


HIGHZ 


L 


L 


H 


STABLE 


READ 


DATA OUT 


L 


H 


L 


STABLE 


WRITE 


DATA IN 


L 


L 


L 


STABLE 


WRITE 


DATA IN 



L = LOW H = HIGH X = DON'T CARE 
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MAXIMUM RATrNG, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdo): 
(AM voltage values referenced to Vss terminal) -0.3 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.3 to +7 V 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = 0° to +60*'C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +70**C (PACKAGE TYPE E) Derate Linearly at 12 mW/"C to 380 mW 

For Ta = 0° to +70*'C (PACKAGE TYPE D) 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D to +70<'C 

PACKAGE TYPE E to +70**C 

STORAGE TEMPERATURE RANGE (Tstg) -55 to +125*»C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

OPERATING CONDITIONS at Ta = 0<> to +70'' C 

For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


ALL TYPES 


MIN. 


MAX. 


DC Operating Voltage Range 


4.5 


5.5 


V 


Input Voltage Range 


VlH 


2.2 


Vdd + 0.3 


ViL 


-0.3 


0.8 



STATIC ELECTRICAL CHARACTERISTICS at Ta = to +70** C, Vdd = 5 V ± 10%, Except as noted 



CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


CDM6116-1 


CDM61 16*41 


MIN. 


TYP.« 


MAX. 


MIN. 


TYP.» 


MAX. 


Standby Device |dds 


CS = ViH 


— 


0.6 


2 


_^ 


0.6 


;:. ,|. „ 


mA 


Current Iddsi 


CS = Vdd -0.2 V 


— 


1 


100 


— 


1 


30 


//A 


Output Voltage 
Low-Level Vol Max. 


loL = 2.1 mA 


— 


_ 


0.4 


— 


— 


0.4 


V 


lOL = 1 fjA 


— 


0.1 


_ 


— 


0.1 


*- 


Output Voltage 
High Level Voh Min. 


loH = -1 mA 


2.4 


— 


— 


2.4 


— 


— 


V 


lOH = -1 /jA 


— 


Vdd-0.1 


-^ 


— 


Vdd-0.1 


— 


Input Leakage 
Current Iin Max. 


Vdd = 5.5 V 
ViN = V to Vdd 


- 


±0.1 


±2 


- 


±0.1 


±t' 


M 


3-State Output 
Leakage Current Iout 


CSorOE = ViH 
Vi/o = V to Vdd 


— 


±0.5 


±2 


- 


±0.5 


±2 


Operating Device 
Current Ioper# 


ViN = ViL, VlH 


— 


20 


35 


— 


20 


36 


mA 


Input 
Capacitance Cin 


ViN = V, 

f = 1 MHz, Ta = 25*»C 


- 


4 


6 


- 


4 


6 


PF 


Output 
Capacitance Ci/o 


Vi/o = V, 

f=1 MHz,Ta = 25*'C 


~ 


6 


8 


— 


6 


8 



•Typical values are for Ta = 25*0 and nominal Vdd. 
#Outputs open circuited; cycle time = Min. tcycie, duty = 100% 
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DYNAMIC iLiCTRICAL CHARACTERISTICS at Ta = to +70'' C, Vdd = 5 V ± 10%, 
Input t^, tf = 10 nt; Cl = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 

Read Cycle Times See Fig. 2 



CHARACTERISTIC 


LIMITS 


UNITS 


CDM6116-1 


CDM6116-2 


MIN.t 


MAX. 


MIN.t 


MAX. 


Read Cycle Time tRC 


250 


— 


200 


— 


ns 


Address Access Time tAA 


— 


250 


— 


200 


Chip Select Access Time tAcs 


— 


250 


-« 


200 


Chip Select to Output Active tcx 


15 


— 


15 


_ 


Output Enable to Output Valid toEv 


— 


150 


— 


120 


Output Enable to Output Active toEx 


15 


— 


15 


— 


Chip Deselect to Output High Z tcHz 





80 





60 


Output Disable to Output High Z toHz 





60 





60 


Output Hold from Address Change ton 


15 


— 


15 


— 



fTime required by a limit device to allow for the indicated function. 



ADDRESS 



5^ ^=^^X^ 
DATA OUT 



Ua- 



CSC 



z 



I 



-zzzzzz 



■^OHZ~ 
*CHZ~ 



WE IS HIGH DURING READ CYCLE. 
TIMING MEASUREMENT REFERENCE 
LEVEL IS 1.5 V 



92CS- 35042 



F/g. 2 - Read-cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = to +70'' C, Vdd = 5 V ± 10%, 
Input tr, tf = 10 ns; Cl = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 

Write Cycle Times See Fig. 3 



CHARACTERISTIC 


LIMITS 


UNITS 


CDM6116-1 


CDM6116-2 


MIN.f 


MAX. 


MIN.f 


MAX. 


Write Cycle Time twc 


250 


— 


200 


— 


ns 


Chip Select to End of Write tew 


200 


— 


160 


— 


Address Valid to End of Write tAw 


200 


— 


160 


— 


Address Setup Time tAs 





~ 





— 


Write Pulse Width twp 


200 


— 


160 


— 


Write Recovery Time twR 


10 


— 


10 


_ 


Output Disable to Output High Z toHz 





80 





60 


Write to Output High Z twHz 





80 





60 


Input Data Setup Time tow 


100 


— 


80 


•— 


Input Data Hold Time ton 


10 


-_ 


10 


— 


Output Active from End of Write tow 


10 


__ 


10 


— 



tTime required by a limit device to allow for the indicated function. 

WRITE CYCLE (1): 

♦wc™ 



ADDRESS 

5E zzzr 

cs 

WE 

tAS- 



DATA OUT > > > 
DATA IN 



SSk 



^^ 



-♦aw- 



/////// 



y^ 



^ ^ 



♦oHzr*- 



♦dw 

^ — 



^. \\\\\ 



]SSZ 
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WRITE CYCLE (2): OE = LOW 

*wc ' 



ADDRESS 
CS 



3sjz: 



'AS 



IS^i 



'WHZ ' 
DATA OUT > > > > > > ^ 



/^ 



m- 



note: timing MEASUREMENTS 
REFERENCE LEVEL = |.5V 



:)c 



-♦WR 



]SE2X: 



92CS-35046 



F/'fif. 3 - \Nr\te cycle timing waveforms. 
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DATA RETENTION CHARACTERISTICS at Ta = to TO'^C; See Fig. 4. 



CHARACTERISTIC 








LIMITS 


UNITS 


TEST CONDITIONS 


ALL TYPES 


MIN. 


MAX. 


Minimum Data Retention Voltage 


Vdr 


CS > Vdd -0.2 V 


2 


— 


V 


Data Retention Quiescent Current 


IddDR 
CDM6116-1 


Vdd = 3V,CS>2.8V 




50 


//A 


CDM6116-2 


Vdd = 3V,CS>2.8V 





15 


Chip Deselect to Data Retention Time 


tCDR 


See Fig. 4 





— 


ns 


Recovery to Normal Operation Time 


tR 


See Fig. 4 


*tRC 


— 












*tRc = Read Cycle Time 

vdd 


MODE 

^4.5V J 
\ VDRS2V / 










^ 


-4.5 V 




, 




^t^ -| 

VDR-0.2V y 






^R 
V 




'CDR 
2.2VT 


r — > 




\''' 




OS ^ 










\ 1 92CS-35047 





t^ ,t^ > I /xs Fig, 4- 

OPERATING AND HANDLING CONSIDERATIONS 

Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 
Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 



Low Vdd data retention timing waveforms. 

not cause Vdd — Vss to exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the input protection circuit, Input 
signals should never be greater than Vdd nor less than 
Vss. 

Unused Inputs 
A connection must be provided at every Input terminal. 
All unused input terminals must be connected to either 
Vdd or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vdd, or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 



I 



ORDERING INFORMATION 

The RCA-CDM61 1 6 family packages, and electrical options 
are identified by suffix letters Indicated in the following 
chart. When ordering a Memory/Microprocessor device, it 
is important that the appropriate suffix letter be affixed to 
the type number of the device. 

Package/Option Suffix Letter * 

Dual-in-Line Side Brazed Ceramic D 

Dual-in-Line Plastic E 

Chip (When applicable) H 



Paclcage/Option Suffix Letter * 

EVP Screening (Extra Value Program) 
I.e. Burn-In — optional for D, E 
package types X 

Electrical Option (0* to 70° C 

Temperature Range) 1 or 2 

For example, a CDM6116 with electrical option 1, and In a 
dual-In-line plastic package will be Identified as the 
CDM61 1 6E1 . A CDM61 1 6E1 with EVP screening option will 
be identified as the CDM6116E1X. 



' Nomenclature Guide 



Product __ 
Designator 



CDM 



6116 

~r 

Family 
Code 



Electrical 
Package Option 



EVP (Optional) 
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RCA CMOS LSI Products 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 

256-Word by 4-Bit LSI Static 
Random-Access IVIemory 

Features: 

■ Industry standard pinout 

■ Very low operating current — 8 mA 
at Vdd = 5 V and cycle time = 1 jus 

■ Two Chip-Select inputs — simple memory 
expansion 

■ Memory retention for standby battery 
voltage of 2 V min. 

■ Output-Disable for common I/O systems 

■ 3-State data output for bus-oriented 
systems 

■ Separate data inputs and outputs 



A3— j 
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— OD. 
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17 
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A7 — 




16 


— 004 


vss— 




15 
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14 
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13 


— DI3 


012 — 
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— D02 




TOP 


VIEW 
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TERMINAL ASSIGNMENT 



The RCA-MWS5101 is a 256-word by 4-bit 
static random-access memory designed for 
use in memory systems where high speed, 
very low operating current, and simplicity in 
use are desirable. It has separate data inputs 
and outputs and utilizes a single power supply 
of 4 to 6.5 volts. 

Two Chip- Select inputs are provided to sim- 
plify system expansion. An Output Disable 
control provides Wire-OR capability and is 
also useful in common Input/Output systems. 
The Output Disable input allows these RAMs 
to be used in common data Input/Output sys- 
tems by forcing the output into a high- 
Impedance state during a write operation 
independent of the Chip-Select Input condi- 
tion. The output assumes a high-impedance 



high 
level or when the chip is deselected by CSI 
and/or CS2. 

The high noise immunity of the CMOS tech- 
nology is preserved In this design. For TTL 
interfacing at 5-V operation, excellent sys- 
tem noise margin is preserved by using an ex- 
ternal pull-up resistor at each input. 

For applications requiring wider temperature 
and operating voltage ranges, the mechani- 
cally and functionally equivalent static RAM, 
RCA-CDP1822, may be used. 

The MWS5101 types are supplied in 22-lead 
hermetic dual-in-line side-brazed ceramic 
packages (D suffix), in 22-lead dual-in-line 
plastic packages (E suffix), and in chip form 
(H suffix). 



OPERATIONAL MODES 



MODE 


INPUTS 


OUTPUT 


Chip 

Select 1 

CSi 


Chip 

Select 2 

CS2 


Output 

Disable 

OD 


Read/ 
WrTte 
R/W 


READ 





1 





1 


Read 


WRITE 





1 








Data In 


WRITE 





1 


1 





High Impeddtice 


STANDBY 


1 


X 


X 


X 


High Impedance 


STANDBY 


X 





X 


X 


High Impeddnce 


OUTPUT DISABLE 


X 


X 


1 


X 


High Impedance 



Logic 1 High 



Logic - Low 



X ^ Don't Care 
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General-Purposes Memories 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE (Vdd) 

(All voltage referenced to Vss terminal) -0.5 to -7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60**C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85^0 (PACKAGE TYPE E) Derate Linearly at 12 mW/*'C to 200 mW 

For Ta = -55 to +100*'C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125^*0 (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125*'C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (T„g) -65 to +150*'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265** C 



OPERATING CONDITIONS at T/^ = Full Package-Temperature Range 

For maximum reliability, operating conditions should be selected 
so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


ALL" 


rvPES 


Min. 


Max. 


DC Operating- Voltage Range 


4 


6.5 


V 


input Voltage Range 


Vss 


Vqd 



STATIC ELECTRICAL CHARACTERISTICS at T^ * to 70<>C, Vpc 


«5V ± 


5%. 


CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 


UNITS 


Vq 

(V) 


V|N 
(V) 


MWS5101D 
MWS5101E 


Min. 


Typ* 


Max. 


Quiescent Device , _ _ 
Current Inn L2 Types 





0,5 


__ 


25 


50 


ma 


L3 Types 


— 


0,5 


■~" 


100 


200 


Output Voltage: 

Low- Level, Vql 


_ 


0,5 


_ 





0.1 


V 


High-Level, VqH 


- 


0,5 


4.9 


5 


- 


Input Low Voltage, Vjl 


- 


- 


- 


- 


1.5 


Input High Voltage, V|h 


- 


- 


3.5 


-- 


- 


Output Low (Sink) 
Current, Iql 


0.4 


0,5 


2 


4 


- 


mA 


Output High (Source) 
Current, IqH 


4.6 


0,5 


~1 


-2 


- 


Input Current,^ i|N 


- 


0,5 


- 


- 


±5 


AiA 


3-State Output 
I nknnr Purrrnt * ^2 Types 


0.5 


0,5 








±5 


•out "-^^vp®^ 


0,5 


0,5 


- 


- 


±5 


Operating Current, IdDI^ 


- 


0,5 


- 


4 


8 


mA 


Input Capacitance, C||v| 


- 


- 


- 


5 


7.5 


PF 


Output Capacitance, CoUT 


- 


- 


— 


10 


15 



Typical values are for T^ = 25*^0 and nominal Vqq. 

All inputs in parallel. 
AM outputs in parallel. 
"^ Outputs open-circuited; cycle time=1 jUs. 
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RCA CMOS LSI Products 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = to 70"»C, V^p - 5 V ±5%, 
t,,tf = 20 ns, V|n = 0.7 Vpo. V| l = 0.3 Vdd- Cl = 100 pF 



CHARACTERISTIC 


LIMITS 


U 
N 

1 

T 
S 


MWS5101D,MWS5101E 


L2 Types 


L3 Types 


Min.t 


Typ* 


Max. 


Min.t 


Typ.* 


Max. 


Read Cycle Times (Fig. 1) 


Read Cycle tpc 


250 


- 


- 


350 


- 


- 


ns 


Access from 
Address tAA 


- 


150 


250 


- 


200 


350 


Output Valid from 
Chip-Select 1 tpOAl 


- 


150 


250 


- 


200 


350 


Output Valid from 
Chip-Select 2 tD0A2 


- 


150 


250 


- 


200 


350 


Output Active from 
Output Disable tpOAS 


- 


- 


110 


- 


- 


150 


Output Hold from 
Chip-Select 1 tpOHl 


20 


- 


- 


20 


- 


- 


Output Hold from 
fchip- Select 2 tD0H2 


20 


- 


- 


20 


- 


- 


Output Hold from 
Output Disable tD0H3 


20 


- 


- 


20 


- 


- 



tri 



Time required by a limit device to allow for the indicated function. 
Typical values are for J^ = 25°C and nominal Vqq, 
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F\g. 1 ' Read cycle timing waveforms. 



92CM-30244R4 



414 



General-Purposes Memories 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = to 70OC, \/qq « 5 V ± 5%, 
tr,tf - 20 ns. V, H = 0.7 \/qq. V| l = 0.3 Vqd, Cl = 100 pF 



CHARACTERISTIC 


LIMITS 


U 
N 

1 

T 
S 


MWS5101D, MWS5101E 


L2 Types 


L3 Types 


Min.t 


Typ.* 


Max. 


Min.^ 


Typ* 


Max 


Write Cycle Times 


(Fig. 2) 


1 


Write Cycle 


twc 


300 


- 


- 


400 


- 


- 


ns 


Address Setup 


tAS 


110 


- 


- 


150 


- 


- 


Write Recovery 


tWR 


40 


- 


- 


50 


- 


- 


Write Width 


tWRW 


150 


- 


- 


200 


- 


- 


Input Data 
Setup Time 


tDS 


150 


- 


- 


200 


- 


- 


Data In Hold 


tDH 


40 


_ 


— 


50 


— 


— 


Chip-Select 1 

Setup 


tcsis 


110 


- 


- 


150 


- 


- 


Chip-Select 2 
Setup 


tCS2S 


110 


- 


- 


150 


- 


- 


Chip-Select 1 Hold 


tCSIH 





_ 


- 





- 


- 


Chip-Select 2 Hold 


tCS2H 





- 


- 





- 


- 


Output Disable 
Setup 


tODS 


110 


- 


l~ 


150 


- 


- 



tri 



Time required by a limit device to allow for the indicated function. 
Typical values are for T^ = 25°C and nominal Vpp. 
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READ/ WRITE 



^^ 



£1 



W ///////////X ^ 
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^C 



n 



r 



\ 



r 
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•H tQQg IS REQUIRED FOR COMMON I/O 
OPERATION ONLY; FOR SEPARATE I/O 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 



Fig. 2 - Write cycle timing waveforms. 
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RCA CMOS LSI Products 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 

DATA RETENTION CHARACTERISTICS at Ta = to 70° C; See Fig. 3 



CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 


UNITS 


vdr 

(V) 


Vdd 

(V) 


All Types 


Min. 


Typ* 


Max. 


Minimum Data 

Retention Voltage, VpR 


_ 


_ 


_ 


1.5 


2 


V 


Data Retention , « ^ 
Quic'ccnt ^^ ^^P^' 


2 


- 


_ 


2 


10 


mA 


Current, Iqd ^3 Types 


- 


5 


50 


Chip Deselect to Data 
Retention Time, ^CDR 


- 


5 


600 


- 


- 


ns 


Recovery to Normal 
Operation Time, tpQ 


~ 


5 


600 


- 


- 


Vdd to Vqr Rise and 
Fall Time tr,tf 


2 


5 


1 


- 


- 


MS 



Typical values are for 7^ = 25°C and nominal Vqq. 
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Fig. 3 - Low I/dd data retention timing waveforms. 
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OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA COS/MOS 
devices have a network for electrostatic 
protection during handling. Recom- 
mended handling practices for COS/MOS 
devices are described in ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum 
supply voltage, limit, care should be 
taken to avoid or suppress power supply 
turn-on and turn-off transients, power 
supply ripple, or ground noise; any of 
these conditions must not cause VpD" 



Fig. 4 - Memory cell configuration. 

Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protec- 
tion circuit, input signals should never be 
greater than Vqd nor less than VsS- 
Input currents must not exceed 10 mA 
even when the power supply is off. 

Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to either V/pD ^^ 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to VpD o*" Vss "^av 
damage COS/MOS devices by exceeding 
the maximum device dissipation. 
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General-Purposes Memories 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 
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Fig. 5 - Functional blocl< diagram for MWS5101. 
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Fig. 6 - Logic diagram of controls for l^WS5101. 
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RCA CMOS LSI Products 



MWS5101DL2, MWS5101DL3, MWS5101EL2, MWS5101EL3 




92CL-34T0I 



Fig. 7 - 4K byte Ram system using the CD P 1858 and MWS5101. 




127-135 
(3226-3.429) 



(3.226-3.429) 



92CS~3I568 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 



The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both 
dimensions. 



Dimensions and pad layout for MSW5101. 



418 



General-Purposes Memories 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 

256-Word by 4-Bit LSI Static 
Random-Access Memory 

Features: 

m Industry standard pinout 
m Low operating current - 8 mA 
at Vqq = 5 V and cycle time =1 ^iS 

■ Two Chip-Select inputs • simple 
memory expansion 

m Memory retention for standby battery 

voltage of 2 V min. 
m TTL compatible 
m Output-Disable for common I/O 

systems 

■ 3-state data output for bus-oriented 
systems 

■ Separate data inputs and outputs 
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TERMINAL ASSIGNMENT 



The RCA-MWS5101A is a 256-word by 
4-bit static random-access memory 
designed for use in memory systems 
v^lnere higli speed, very low operating cur- 
rent, and simplicity in use are desirable. It 
has separate data inputs and outputs and 
utilizes a single power supply of 4 to 6.5 
volts. 

Two Chip-Select inputs are provided to 
simplify system expansion. An Output 
Disable control provides Wire-OR 
capability and is aiso useful in common 
Input/Output systems. The Output 
Disable input allows ^hese RAM's to be 
used in common data Input/Output 
systems by forcing the output into a high- 



impedance state during a write operation 
independent of the Chip-Select input con- 
dition. The output assumes a high- 
impedance state when the Output Disable 
is at high level or when the chip Is 
deselected by CS1 and/or CS2. 

For applications requiring CMOS com- 
patibility over wider operating voltage and 
temperature ranges, the mechanical and 
functional equivalent RCA-CDP1822 
static RAM may be used. 

The MWS5101A types are supplied In 
22-lead hermetic dual-in-line side-brazed 
ceramic packages (D suffix), in 22-lead 
dual-in-line plastic packages (E suffix), 
and in chip form (H suffix). 



OPERATIONAL MODES 



MODE 


INPUTS 


OUTPUT 


Chip 
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Output 

Disable 

OD 


Read/ 
Write 
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Logic = Low 



X = Don't Care 
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RCA CMOS LSI Products 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 

OPERATING CONDITIONS at Ta = Full Package-Temperature Range 

For maximum reliability, operating conditions should be selected so that 
operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


ALL TYPES 


Min. 


Max. 


DC Operating-Voltage Range 


4 


6.5 


V 


Input Voltage Range 


vss 


vdd 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE (Vdd) 

(All voltage referenced to Vss terminal) -0.5 to -7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60*^0 (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85''C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE.p -56 to +125°C 

PACKAGE TYPE E -40 to +85''C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150''C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



STATIC ELECTRICAL CHARACTERISTICS at T^ 


= 0to70X,VDp = 5V 


CHARACTERISTIC 


TEST 
CONDITIONS 


LIMITS 


UNITS 


MWS5101AD 
MWS5101AE 


vo 

(V) 


V|N 
(V) 


Min. 


Typ/ 


Max. 


Quiescent Device L2 Types 


— 


0,5 


— 


25 


50 


mA 


Current, JDD L3 Types 


— 


0,5 


— 


100 


200 


Output Voltage: 

Low-Level, Vql 





0,5 








0.1 


V 


High-Level, VoH 


— 


0,5 


4.9 


5 


— 


Input Low Voltage, V|l 


— 


— 


— 


— 


0.65 


Input High Voltage, Vjh 


— 


~n 


2.2 


— 


— 


butput Low (Sink) 

Current, , Iql 


0.4 


0,5 


2 


4 


— 


mA 


Output High (Source) 

Current, lOH 


' 4.6 


0,5 


-1 


~2 


— 


Input Current,^ Ijn 


— 


0,5 


— 


— 


±5 


mA 


3-State Output Leakage 
Current,* L2 Types 


0,5 


0,5 


_ 


_ 


±5 


lOUT L3 Types 


0,5 


0,5 


— 


— 


±5 


Operating Current, lDD1^ 


— 


0,5 


-- 


4 


8 


mA 


Input Capacitance, Cjn 


— 


-- 


— 


5 


7.5 


PF 


Output Capacitance, Gqut 


— 


— 


— ■ 


10 


15 



Typical values are for Ta = 25 *C and nominal Vdd- 
^AIJ Inputs In parallel. 
*AII outputs In parallel. 
^^Outputs open-circuited; cycle time = 1 ^s. 
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General-Purposes Memories 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = to 70 X, VqD = 5 V ± 5%, 
tr,tf = 20 ns, Cl - 50 pF and 1 TTL Load 



CHARACTERISTIC 


LIMITS 


UNITS 


MWS5101AD, MWS5101AE 


L2 Types 


L3 Types 


MIn.t Typ.* 1 Max. 


Mint 1 Typ/ Max. 


Read Cycle Times (Fig. 1) | 


Read Cycle tpc 


250 


— 


— 


350 


■— 


— 


ns 


Access from Address tAA 


— 


150 


250 


— 


200 


350 


Output Valid from 
Chip-Select 1 tpOAl 


— 


160 


250 


— 


200 


350 


Output Valid from 
Chip-Select 2 tD0A2 


— 


150 


250 


— 


200 


350 


Output Active from 
Output Disable tpOAS 


— 


— 


110 


— 


— 


150 


Output Hold from 
Chip-Select 1 toOHl 


20 


— 


— 


20 


— 


— 


Output Hold from 
Chip-Select? tD0H2 


20 


— 


— 


20 


— 


— 


Output Hold from 
Output Disable tD0H3 


20 


— 


— 


20 


— 


— 



tllme required by a limit device to allow for the Indicated function. 
*Typical values are for Ta = 25'*C and nominal Vdq. 
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Fig. 1 - Read cycle timing waveforms. 
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RCA CMOS LSI Products 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = to 70 "C, VpD = 5 V ± 5%, 
tr,tf = 20 ns, Cl = 50 pF and 1 TTL Load 



CHARACTERISTIC 


LIMITS 


UNITS 


MWS5101AD, MWS5101AE 


L2 Types 


L3 Types 


Mln.t iTyp.* I Max. 


Mint iTyp.* 1 Max. 


Write Cycle Times (Fig. 2) | 


Write Cycle twc 


300 


— 


— 


400 


— 


— 


ns 


Address Setup tAS 


110 


— 


— 


150 


_ 


— 


Write Recovery tWR 


40 


— 


— 


50 


— 


— 


Write Width tWRW 


150 


^ 


— 


200 


— 


— 


Input Data 

Setup Time tQ3 


150 


— 


— 


200 


— 


— 


Data In Hold toH 


40 


— 


— 


50 


— 


— 


Chip-Select 1 Setup tcs1S 


110 


— 


— 


150 


— 


— 


Chip-Select 2 Setup tcS2S 


110 


— 


— 


150 


— 


— 


Chip-Select 1 Hold tcsiH 





-- 


— 





— 


— 


Chip-Select 2 Hold tcS2H 





-_ 


— 





— 


— 


Output Disable 
Setup tODS 


110 


— 


— 


150 


— 


— 



Mime required by a limit device to allow for the indicated function. 
Typical values are for Ta = 25°C and nominal Vpo- 
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■^ ^ODS '5 REQUIRED FOR COMMON I/O 
OPERATION ONLY; FOR SEPARATE I/O 
OPERATIONS. OUTPUT DISABLE IS DON'T CARE- 



Fig. 2 - Write cycle timing waveforms. 
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General-Purposes Memories 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 

DATA RETENTION CHARACTERISTICS at Ta = to 70° 0; See Fig. 3. 



CHARACTERISTIC 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Vdr 

(V) 


Vdd 

(V) 


All Types 


MIn. 


Typ.- 


Max. 


Minimum Data 

Retention Voltage, VpR 


— 


— 


— 


1.5 


2 


V 


?ul?-?onT'°" L2Tvpes 


2 


— 


— 


2 


10 


mA 


Slre-nMDD ^'^'^'^ 


— 


— 


5 


50 


Chip Deselect to Data 
Retention Time, tQDR 


— 


5 


600 


— 


— 


ns 


Recovery to Normal 
Operation Time, tpc 


— 


5 


600 


— 


— 


Vdd to Vdr Rise and 

Fall Time tr,tf 


2 


5 


1 


— 


— 


MS 



'Typical values are for Ta = 25"'C. 
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Fig. 3 - Low \/dd data retention timing waveforms. 
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Fig. 4 - Memory cell configuration. 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA 
COS/MOS devices have a network 
for electrostatic protection during 
handling. Recommended handling 
practices for COS/MOS devices are 
described in ICAN-6525, "Guide to 
Better Handling and Operation of 
CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum 
supply voltage limit, care should be 
taken to avoid or suppress power 
supply turn-on and turn-off tran- 
sients, power supply ripple, or 
ground noise; any of these condi- 
tions must not cause Vpo- Vss to 



exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the input pro- 
tection circuit, input signals should 
never be greater than Vpo nor less 
than Vss- input currents must not 
exceed 10 mA even when the power 
supply is off. 

Unused Inputs 
A connection must be provided at 
every Input terminal. All unused in- 
put terminals must be connected to 
either Vdd o'' Vss. whichever Is ap- 
propriate. 

Output Short Circuits 
Shorting of outputs to Vdd or Vss 
may damage COS/MOS devices by 
exceeding the maximum device 
dissipation. 
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RCA CMOS LSI Products 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 
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Fig. 5 - Functional blocl< diagram for MWS5101A. 
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Fig. 6 - Logic diagram of controls for MWS5101A. 



424 



General-Purposes Memories 



MWS5101ADL2, MWS5101ADL3, MWS5101AEL2, MWS5101AEL3 



MWR 
MRD 



X" 




Fig. 7 - 4K byte RAM system using the CDP1858 and MWS5101A. 




I 



-127-135 



(3.226-3.429) 



Dimensions In parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are In 
mils (10-3 inch). 



The photographs and dimensions of each 
CI\/}OS chip represent a chip when it is part of 
the wafer. When the wafer is cut into chips, 
the cleavage angles are 57° instead of 90" 
with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 



Dimensions and pad layout for MWS5101AH. 
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RCA CMOS LSI Products 



MWS5114-1, MWS5114-2, MWS5114-3 

CMOS 



Ae- 


^ 

1 18 


-Vdd 


A5-- 


2 17 


-A7 


A4- 


3 16 


-Aq 


A3- 


4 15 


-A9 


Ao- 


5 14 


— 1/0| 


A|- 


6 13 


— 1/02 


A2- 


7 12 


— I/O3 


CS — 


8 II 


— I/O4 


vss- 


9 10 


— WE 




92CS- 


30982RI 


TERMINAL 


ASSIGNMENT 



1024-Word by 4-Bit 
LSI Static RAM 



Features: 

■ Fully static operation 

■ Industry standard 1024 x 4 pinout (same as pinouts for 6514, 2114, 
9114, and 4045 types) 

■ Common data input and output 

■ Memory retention for stand-by battery voltage as low as2 V min. 

■ All inputs and outputs directly TTL compatible 

■ 3-state outputs 

M Low standby and operating power 



The RCA-MWS5114 is a 1024-word by 4-bit static random- 
access memory that uses the RCA ion-implanted silicon 
gate complementary MOS (CMOS) technology. It is de- 
signed for use in memory systems where low power and 
simplicity in use are desirable. This type has common data 



input and data output and utilizes a single power supply of 
4.5 V to 6.5 V. 

The MWS51 14 is supplied in 18-lead, hermetic, dual-in-line 
side-brazed ceramic packages (D suffix) and in 18-lead 
dual-in-line plastic packages (E suffix). 




OPERATIONAL MODES 


FUNCTION 


CS 


WE 


DATA PINS 
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X 


High- 
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Fig. 1 — Functional block diagram for MWS5114 
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General-Purposes Memories 



MWS5114-1, MWS5114-2, MWS5114.3 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE RANGE. (Vdd) 
(Voltages referenced to Vss Terminal -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60*0 (PACKAGE TYPE E) 500 mW 

For-TA = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200mW 

For Ta = -55 to +100°C (PACKAGE TYPE D) 500 mW 

For Ta = +100 to +125° C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +1 25° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59+ 0.79 mm) from case for 10 s max +265° C 

OPERATING CONDITIONS at Ta = -40° C to +85° C 

For maximum reliability, operating conditions sliould be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


Min. 


Max. 


DC Operating-Voltage Range 


4.5 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS a 


tTA = Oto +70^ 


C, Vdd ±5%, Except as noted 










CHARACTERISTIC 


CONDITIONS 


LIMITS 


UNITS 


Vo 
(V) 


V,N 

(V) 


Vdd 
(V) 


MWS 5114-3 


MWS 5114-2 


MWS 5114-1 


MIN. 


TYP." 


MAX. 


MIN. 


TYP.- 


MAX. 


MIN. 


TYP.- 


MAX. 


Quiescent Device 
Current ^Idd Max. 


- 


0,5 


5 


- 


75 


100 


- 


75 


100 


- 


75 


250 


llfK 


Output Voltage 
Low Level Vol Max. 


- 


0,5 


5 


- 





0.1 


- 





0.1 


- 





0.1 


V 


High Level Voh Min. 


- 


0.5 


5 


4.9 


5 


- 


4.9 


5 


- 


4.9 


5 


- 


Input Voltage 
Low Level Vil Max. 


0.5,4.5 


- 


5 


- 


1.2 


0.8 


- 


1.2 


0.8 


- 


1.2 


0.8 


High Level Vih Min. 


0.5,4.5 


- 


5 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 


- 


Output Current 
(Sink) loL Min. 


0.4 


0,5 


5 


2 


4 


- 


2 


4 


- 


2 


4 


- 


mA 


(Source) Iqh Max. 


4.6 


0,5 


5 


-0.4 


-1 


- 


-0.4 


-1 


- 


-0.4 


-1 


- 


Input Current 

liN Max.^ 


- 


0.5 


5 


- 


±0.1 


±5 


- 


±0.1 


±5 


- 


±0.1 


±5 


ma 


3-State Output Leakage 
Current Iqut* 


0,5 


0,5 


5 


- 


±0.5 


±5 


- 


±0.5 


±5 


- 


±0.5 


±5 


Operating Device 
Current 1ddi# 


- 


0.5 


5 


- 


4 


8 


- 


4 


8 


- 


4 


8 


mA 


input Capacitance 

C,N 


- 


- 


- 


- 


5 


7.5 


- 


5 


7.5 


- 


5 


7.5 


pF 


Output Capacitance 

COUT 


- 


- 


~ 


- 


10 


15 


- 


10 


15 


- 


10 


15 



I 



'Typical values are for Ta = 
AAil inputs in parallel. 



25° and nominal Vdd. 



#Outputs open circuited; cycle time = 1 ps. 
*AII outputs in parallel. 
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RCA CMOS LSI Products 



MWS5114-1, MWS5114-2, MWS5114-3 

DYNAMIC ELECTRICAL CHARACTERISTICS atTA = Oto +70° C, Vdd = 5V ±5%, 
Input t,.ti = 10 ns; d = 50 pF and 1 TTL Load 



CHARACTERISTIC 


LIMITS 


UNITS 


MWS 5114-3 


MWS 5114-2 


MWS 5114-1 


MIN.f 


TYP; 


MAX. 


MIN.f 


TYP.* 


MAX. 


MIN.f 


TYP.* 


MAX. 



Read Cycle times See Fig. 2 



Read Cycle Irc 


200 


160 


- 


250 


200 


- 


300 


250 


- 


ns 


Access Ua 


— 


160 


200 


- 


200 


250 


- 


250 


300 


Chip Selection to Output Valid tco 


- 


110 


150 


- 


150 


200 


- 


200 


250 


Chip Selection to Output Active tcx 


20 


100 


- 


20 


100 


- 


20 


100 


- 


Output 3-state fronn Deselection tojo 


- 


75 


125 




75 


125 


- 


75 


125 


Output Hold from Address Change toHA 


50 


100 




50 


100 


- 


50 


100 


- 



t Time required by a limit device to allow for the indicated function. 
•Typical values are for Ta = 25*»C and nominal Voo. 



^ZX 
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NOTE: 

WE IS HIGH DURING THE READ CYCLE. 
TIMING MEASUREMENT REF. LEVEL IS 1.5 V 



Fig. 2 — Read cycle waveforms. 
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General-Purposes Memories 


1 
i 


MWS5114-1, MWS5114-2, MWS5114-3 

t>YNAMIC ELECTRICAL CHARACTERISTICS af f/, = to +70" C, Vdd = 5V±5%. 
nput tr.tf = 10 ns; Cl = 50 pF and 1 TTL Load 




CHARACTERISTIC 


LIMITS 


UNITS 






MWS 5114-3 


MWS 5114-2 


MWS 5114-1 






MIN.t TYP; MAX. 


MIN.t TYP.* 1 MAX. 


MIN.t TYP.' 


MAX. 






Write Cycle Times See Fig. 3 








Write Cycle twc 


200 


160 


- 


250 


200 


- 


300 


220 


- 


ns 






Write tw 


125 


100 


- 


150 


120 


- 


200 


140 


- 






Write Release twR 


50 


40 


— 


50 


40 


— 


50 


40 









Address To Chip Select 

Set-Up Time tAcs 








- 








- 








- 






Address To Write 

Set-up Time tAw 


25 


20 


- 


50 


40 


- 


50 


40 


- 






Data to Write 

Set-up Time tosu 


76 


50 


- 


75 


50 


— 


75 


50 


— 






Data Hold From Write ton 


30 


10 


- 


30 


10 

1 


- 


30 


10 


- 





t Time required by a limit device to allow for the Indicated function. 
•Typical values are for Ta = 25° and nominal Voo. 
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NOTE: WE IS LOW DURING THE WRITE CYCLE 
TIMING MEASUREMENT REF. LEVEL IS 1.5 V 



Fig. 3 — Write cycle waveforms. 



I 
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RCA CMOS LSI Products 



MWS5114-1, MWS5114-2, MWS5114-3 

DATA RETENTION CHARACTERrSTICS afT^ = 0to 70° C; See Fig. 4. 



CHARACTERISTIC 


TEST 


LIMITS 


UNITS 


CONDITIONS 


ALL TYPES 


Vdr (V) 


Vdd (V) 


MIN. 


TY»».* 


MAX. 


Minimum Data 
Retention Voltage Vdr 


- 


- 


2 


— 


- 


V 


Data Retention Quiescent 
Current, Idd MWS 5114-3 


2 






25 


60 


ma 


MWS 5114-2 


— 


— 


25 


50 


MWS 5114-1 


- 


- 


60 


125 


Chip Deselect to Data 

Retention Time, tcoR 


- 


5 


300 


- 


- 


ns 


Recovery to Normal 
Operation Time, tRc 


-- 


5 


300 


- 


- 


Vdd to Vdr Rise and 
Fall Time tr, tf 


2 


5 


1 


— 


- 


//s 



•Typical values are for Ta = 25** C and nominal Vdd. 
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Fig. 4 — Low Vdd data retention timing waveforms. 
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General-Purposes Memories 



MWS5114-1, MWS5114-2, MWS5114-3 
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Fig. 5 - MWS5114 (IK x 4) minimum system (1K x 8). 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All Inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described In ICAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, orground noise; any of these conditions must not 
cause Vdd— Vss to exceed the absolute maximum rating. 



input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vdd nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. 
All unused Input terminals must be connected to either 
Vdd or Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 



I 
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RCA CMOS LSI Products 



General-Purposes Memories 



MWS5114-1, MWS5114-2, MWS5114-3 




4-10 
1^07102-0.254) 



175-183 
(4.445-4.648) 



(3.531 -3.734) 



Dimensions and pad layout for MWS5114H 



Dimensions in parenttieses are In millimeters and are derived from 
the basic Inch dimensions as indicated. Grid graduations are in 
mils (10r3 inch). 



The photographs and dimensions represent a chip when it Is part 
of the wafer. When the wafer is cut Into chips, the cleavage angles 
are 57° Instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip Is actually 7 mils (0.17 mm) larger In 
both dimensions. 



ORDERING INFORMATION 

RCA Memory device packages are identified by letters indicated in 
the following chart. When ordering a Memory device, It is important 
that the appropriate suffix letter be affixed to the type number of the 
device. 
Package Suffix Letter 

Dual-in-Line Side-Brazed Ceramic D 

Dual-in-Llne Plastic E 

Chip H 

For example, a MWS51 14-3 in a dual-in-line plastic package will be 
identified as the MWS5114E-3. 



432 



6805-Series LSI Products 

Technical Data 
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RCA CMOS LSI Products 



CDP65516 



AQO -— 


. ^ .8 


— Vcc 


AQ1 


2 17 


G 


AQ2 


3 16 


E 


A03 


4 15 


M 


AQ4 


5 14 


— s 


AQ5 


6 13 


1" 


AQ6 


7 12 


AlO 


AQ7 


8 II 


A9 


Vss — 


9 10 


A8 




TOP VIEW 

98CS- 


35113 


TERMINAL ASSIGNMENT 



Ob|ective Data 

CMOS 2048-Word x 8-Bit Static 
Read-Only i\/lemory 



Features 

m 2Kx8 CMOS ROM 
m3to6 volt supply 
■ Access time 

430 ns (5 V) CDP65516-43 

550 ns (5 V) 00965516-55 
m Low power dissipation 

15 mA maximum{active) 

30 fjA maximum (standby) 
m Directly compatible with muxed bus 

OMOS microprocessors 



Pins 13, 14, 16, and 17 are mask programmable 
MOTEL mask option also insures direct 
compatibility with many NMOS 
microprocessors 
Standard 18- pin package 



The CDP65516 is a complementary MOS mask program- 
mable byte organized read-only memory (ROM). The 
CDP6651 6 is organized as 2048 bytes of 8 bits, designed for 
use in multiplex bus systems. It is fabricated using silicon 
gate CMOS technology, which offers low-power operation 
from a single 5-volt supply. 

The memory is compatible with CMOS microprocessors 
that share address and data lines. Compatibility is enhanced 
by pins 13, 14, 16, and 17 which give the user the versatility 



of selecting the active levels of each. Pin 17 allows the user 
to choose active high, active low or a third option of 
programming which is termed the "MOTEL" mode. If this 
mode is selected by the user, it provides direct compatibility 
with the CDP6805E2 type microprocessor series. In the 
MOTEL operation the ROM can accept either polarity 
signal on the data strobe input as long as the signal toggles 
during the cycle. This unique operational feature makes the 
ROM an extremely versatile part. 



AQ0-AQ7 



s_ 
f- 

G- 



Control 
Logic 



S Disables 

Output Buffers 

E, E Limit 

Power Dissipation 



iuuuiAiuu^ 



I 111 III .1 
Output Buffers 

and 

Sense Annps 



IIIIIIS 



A8, A9, A10 



Lili 



Address 
Latch 



Y-Gating 



Y 
Decode 



ROM Array 
(128x128) 



X 
Decode 



P recharge 
Circuit 



PIN NAMES 

AQ0-AQ7 Address/ Data Output 

A8-A10 Address 

M Multiplex Address Strobe 

E Chip Enable 

S Chip Select 

G Data Strobe (Output Enable) 



Fig. 1 - Block diagram. 
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6805-Serie8 LSI Products 



CDP65516 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


- 0.3 to + 7 


V 


Input Voltage 


Vin 


-0.3 to +7 


V 


Operating Temperature Range 


Ta 


to +70 


OC 


Storage Temperature Range 


■^stfl 


-65 to +150 


»c 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Supply Voltage 
<Vcc n^ust be applied at least 100 /ts before proper device operation is achieved) 


Vcc 


4.5 


5 


5.5 


V 


Input High Voltage 


V|H 


Vcc -2 


- 


5.5 


V 


Input Low Voltage 


V|L 


-0.3 


- 


0.8 


V 



RECOMMENDED OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


CDP65516-4$ 


CDP655ie.55 


Unit 


Teat Condition 




Min 


Max 


Min 


Max 


Output High Voltage 
Source Current - 1.6 mA 


VOH 


Vcc -0.4 V 


- 


Vcc -0.4 V 


- 


V 




Output Low Voltage 
Sink Current + 1 .6 mA 


Vol 


- 


0.4 


- 


0.4 


V 




Supply Current (Operating) 


icci 


- 


15 


- 


15 


mA 


CL-130pF,V|n-V|HtoV|L 

tcyc^l^S 


Supply Current (DC Active) 


ICC2 


- 


100 


- 


100 


mA 


Vjh = VcctoGND 


Standby Current 


hSB 


- 


30 


- 


50 


mA 


Vin = VcctoGND 


Input Leakage 


«in 


-10 


+ 10 


-10 


+ 10 


mA 




Output Leakage 


iOL 


-10 


+ 10 


-10 


+ 10 


mA 





CAPACITANCE (f=1 


MHz, Ta = 25°C, periodically sampled rather than 1(X)% tested.) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


5 


pF 


Output Capacitance 


Cout 


12.5 


PF 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 
READ CYCLE 
Cl=130pF 



I 



Parameter 


Symbol 


CDP65516.43 


CDP65516-SS 


Unit 


Min 


Max 


Min 


Max 


Address Strobe Access Time 


tMLDV 


- 


430 


- 


550 


ns 


Read Cycle Time 


tMHMH 


- 


j 750' 


- 


1000 


ns 


Multiplex Address Strobe High to Multiplex Address Strobe Low (Pulse Width) 


^MHML 


150 


- 


175 


-_ 


ns 


Data Strobe Low to Multiplex Address Strobe Low 


^GLML 


50 


- 


50 


- 


ns 


Multiplex Address Strobe Low to Data Strobe High 


tMLGH 


100 


- 


160 


- 


ns 


Address Valid to Multiplex Address Strobe Low 


tAVML 


50 


- 


50 


- 


ns 


Chip Select Low to Multiplex Address Strobe Low 


tSLML 


50 


- 


50 


- 


ns 


Multiplex Address Strobe Low to Chip Select High 


tMLSH 


50 


- 


80 


«. 


ns 


Chip Enable Low/ High to Multiplex Address Strobe Low 


tELML 
tEHML 


50 
50 


_ 


50 
50 


— 


ns 


Multiplex Address Strobe Low to Address Don't Care 


tMLAX 


50 


- 


80 


-. 


ns 


Data Strobe High to Data Valid 


tQHDV 


175 


- 


200 


- 


ns 


Darta Strobe Low to High-Z 


tGLDZ 


- 


160 


- 


160 


na 
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A8 to A10 



AQO to AQ7 



Functional Description 

The 2K X 8 bit CMOS HOM (CDP6551 6) shares address and 
data lines and, therefore, is compatible with the majority of 
CMOS microprocessors in the industry. The package size is 
reduced from 24 pins for standard NMOS ROMs to 18 pins 
because of the multiplexed bus approach. The savings in 
package size and external bus lines adds up to tighter board 
packing density which is handy for battery-powered hand- 
carried CMOS Systems. This ROM is designed with the 
intention of having very low active as well as standby 
currents. Theactive power dissipation of 75 mW (at Vcc=5 V, 
freq.=1 MHz) and standby power of 150 //W (at Vcc=6 V) add 
up to low power for battery operation. The typical access 
time of the ROM is 280 ns making it acceptable for operation 
with today's existing CMOS microprocessors. 

An example of this operation is shown in Fig. 3. Shown is a 
typical connection with the CDP6805E2 CMQS micro- 
processor. The main difference between this system and 
competitive process is that the data strobe (DS) on the 
CDP6806E2 and the read bar (RD) on the competitive 
process both control the output of data from the ROM but 
are of opposite polarity. The 2K x 8 ROM can accept either 
polarity signal on the data strobe input as long as the signal 
toggles during the cycle. This is termed the MOTEL mode of 
operation. This unique operational feature makes the ROM 
an extremely versatile part. Further operational features are 
explained in the following section. 

Operationai Features 

In order to operate in a multiplexed bus system the ROM 
latches, for one cycle, the address and chip-select Input 
information on the trailing edge of address strobe (M) so the 
address signals can be taken off the bus. 

Since they are latched, the address and chip-select signals 
have a setup and hold time referenced to the negative edge 
of address strobe. Address strobe has a minimum pulse 



Fig. 2 - Read cycle timing waveforms. 



width requirement since the circuit is internally precharged 
during this time and is set up for the next cycle on the 
trailing edge of address strobe. Access time is measured 
from the negative edge of address strobe. 

The part is equipped with a data strobe input (G) which 
controls the output of data onto the bus lines after the 
addresses are off the bus. The data strobe has three 
potential modes of operation which are programmable with 
the ROM array. The first mode is termed the MOTEL mode 
of operation. In this mode, the circuit can work with either 
the 6805 or 8085 type microprocessor series. The difference 
between the two series for a ROM peripheral is only the 
polarity of the data-strobe signal. Therefore, in the MOTEL 
mode the ROM recognizes the state of the data-strobe 
signal at the trailing edge of address strobe (requires a 
setup and hold time), latches the state into the circuit after 
address strobe, and turns on the data outputs when an 
opposite polarity signal appears on the data-strobe input. In 
this manner the data-strobe input can work with either 
polarity signal but that signal must toggle during a cycle to 
output data on the bus lines. If the data strobe remains at a 
dc level the outputs will remain off. The data-strobe input 
has two other programmable modes of operation and those 
are the standard static select modes (high or low) where a 
dc input not synchronous with the address strobe will turn 
the output on or off. 

The chip-enable and chip-select inputs are all programmable 
with the ROM array to either a high or low select. The chip 
select acts as an additional address and is latched on the 
address-strobe trailing edge. On deselect the chip select 
merely turns off the output drivers acting as an output 
disable. It does not power down the chip. The chip-enable 
inputs, however, do put the chip in a power down standby 
mode but they are not latched with address strobe and must 
be maintained in a dc state for a full cycle. 
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Microprocessor 
L' CDP6805E2 



A8-A12 
VSS 



B0-B7 




Addr/Data Mux Bus 



fc> 



2KX8ROM Tj 
CDP65516 M 



AQ0-AQ7 



A8-A10 




High Order Address Bus (5) 



Bus Control Signals (3) 



Fig. 3 - Typical minimum system. 



Introduction 

CBUG05 is a debug monitor program written for the 
CDP6805E2 Microprocessor Unit and contained In the 
CDP65516 2K X 8 CMOS ROM. CBUG05 allows for rapid 
development and evaluation of hardware and 6805 Family 
type software, using memory and register examine/change 
commands as well as breakpoint and single instruction 
trace commands. CBUG05 also includes software to set 



and display time, using an optional CDP6818 Real-Time 
Clock (RTC), and routines to punch and load an optional 
cassette Interface. Fig. 2 shows a minimum system which 
only requires the MRU, ROM, keypad inputs and display 
output Interfaces. Port A of the CDP6805E2 MRU is required 
for the I/O; however. Port B and all other CDP6d05E2 MRU 
features remain available to the user. A possible expanded 
system is shown in Fig. 3. 



I 



CDP6805E2 

B0-B7 

A8-At2 

AS.DS,R/W 

PA4-PA6 
PA0-PA3 
PA6-PA7 


. • 8 




CDP65516 

ADO-A07 
A8-AI2 
M, OE.CE 


/ 6 




y 5 






y 3 






y 3 
















6x4 
KEYPAD 

ROWS 

COLUMNS 




CDP1873 

01 

A.B.C TO 

06 






/• 










1 


y 2 _ 




y 4 






DATA ^^ 
CLOCK pp 




^' LCD 

FP 


y 
yXZ 




/ 




y 









92CM-SSII8 



Fig. 4 - Minimum CBUG05 system. 
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<^ PR0-PB7 ^^ I 



IRQ 

TIM 

RfSET 



CDP6805E2 
MPU 



CASSETTE 

READ 
INTERFACE 



-FROM CASSETTE 
RECORDER 



-FROM USER HARDWARE 



A8-AI2.AS.DS,R/'W 



V 



CDP655I6 
ROM 



C 



V 



CDP68I8 

REAL-TIME 

CLOCK 



V 



ADDRESS 
DECODE 



X> 



CD M 5332 
CDM6II6 
ADDITIONAL 
MEMORY 



CDPI873 

3 TO 8 

DECODER 



2E^ 



6x4 
KEYPAD 
ROWS 



c 



DATA 
CLOCK 



^ 

y^ 



CASSETTE 

WRITE 
INTERFACE 



V 



ADDITIONAL 
PERIPHERALS 



TO CASSETTE 
- RECORDER 



Fig. 5 - Expanded CBUG05 system. 
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DATA PROGRAMMING INSTRUCTIONS 



When a customer submits instructions for programming 
RCA custom ROM s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming Instructions. Programming 
Instructions may be submitted in any one of three ways, as 
follows: 

1. Computer-Card Deck— use standard 80-column com- 
puter punch cards. 

2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-serles microprocessor 
development system. 



3. Matter Device — a ROM, PROM, or EPROM that 
contains the required programming information. 

The requirements for each method are explained In detail in 
the following paragraphs: 

COMPUTER-CARD METHOD 

Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 



TITLE CARD 



Column No. 


Data 


1 


Punch T 


2-5 


leave blank 


6-30 


Customer Name (start at 6) 


31-34 


leave blank 


35-54 


Customer Address or Division (start at 35) 


55-58 


leave blank 


59-63 


RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


64 


leave blank 


65-71 


RCA device type, without CDP6 prefix, e.g., 5516 


72 


Punch an opening parenthesis ( 


73 


Punch 8 


74 


Punch a closing parenthesis ) 


75-78 


leave blank 


79-80 


Punch a 2-dlgit decimal number to indicate the deck number; 




the first deck should be numbered 01 



OPTION CARD 



Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. 


Data 


1-6 


Punch the word OPTION 


7 


leave blank 


8-17 


RCA device type, including CDP6 prefix, e.g., CDP65516 


18-27 


leave blank 


28-31 


Punch P or N per ROM Information Sheet 


32-78 


leave blank 


79-80 


Punch the deck number (the 2-dlglt number in 




columns 79-80 of the title card) 



I 



DATA-FORMAT CARD 



The data-format card specifies the form In which the data is to be entered Into ROM. 1 


Column No. 


Data 


1-11 


Punch the words DATA FORMAT 


12 


leave blank 


13-15 


Punch the letters HEX 


16 


leave blank 


17-19 


Punch POS 


20-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in 




columns 79-80 of the title card) 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 
DATA CARDS 



The data cards contain the hexadecimal data to be programmed into the ROM device. 




Each card must contain the starting address plus sixteen words of data In clusters of four Hex Bytes. 


Column No. 


Data 




Column No. 


Data 


1-4 


Punch the starting address 


26-27 


2 hex digits of 9th WORD 




In hexadecimal for the 




28-29 


2 hex digits of 10th WORD 




following data.* 




30 


Blank 


5 


Blank 




31-32 


2 hex digits of 11th WORD 


6-7 


2 hex digits of 1st WORD 




33-34 


2 hex digits of 12th WORD 


8-9 


2 hex digits of 2nd WORD 




35 


Blank 


10 


Blank 




36-37 


2 hex digits of 13th WORD 


11-12 


2 hex digits of 3rd WORD 




38-39 


2 hex d'igits of 14th WORD 


13-14 


2 hex digits of 4th WORD 




40 


Blank 


15 


Blank 




41-42 


2 hex digits of 15th WORD 


16-17 


2 hex digits of 5th WORD 




43-44 


2 hex digits of 16th WORD 


18-19 


2 hex digits of 6th WORD 




45 


Semicolon, blank if last card 


20 


Blank 








21-22 


2 hex digits of 7th WORD 




46-78 


Blank 


23-24 


2 hex digits of 8th WORD 




79-80 


Punch 2 decimal digits 


25 


Blank 






as in title card 



*The address block must be contiguous starting at an even-numbered address. 
Column 4 must be zero. 

OPTION DATA CARD 



1 234 8«T8 910111213 14 15 16171«1»202122232428a«27282»3031 32 33343S3e3738M4041 434344454647 48495051 525354555657 S8$9M6162«3646Se6«7M6970n727374 78 r6777a7«80| 
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ROM INFORMATION SHEET 






OPTION LIST 






Select the options for your ROM from the following list. A manufacturing mask will be generated from this 
Information. Select one in each section.. 


PROGRAMMABLE PIN OPTIONS 






13 (S) 


Pin Number 

14 (M) 16(E) 


17(G) 


Active High (1 or P) D 


D D 


D 


Active Low (1 or P) D 


D D 


D 


MOTEL (X) - 


— - 


D 


28 


29 30 

Column Number 
( On Option Card) 


31 


CUSTOMER INFORMATION 






Customer N^mft 






AHrirfiSR 


City. State 

Phone ( ) ,._ . .Extension 




7lp 






finntflct M«? /Mr 






nn$tomAr Part Mn 


PATTERN MEDIA 






D EPROM 






D Card Deck 






D Other* 






*Other media require factory approval. 






f^ignfltllr^a 






Titlft 





I 



OPERATING AND HANDLING CONSIDERATIONS 

Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6526 "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 
Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vdd — Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vcc nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss, whichever is appropriate. 
Output Short Circuits 
Shorting of outputs to Vdd, Vcc, or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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RESET— 


T-"^~^ 


Vdo 


TTTO 


2 39 


OSCI 


LI 


3 38 


0SC2 


OS r. 


4 37 


— TIMER 


R/W-,— 


5 36 


PBO 


AS 


6 35 


PBI 


PAT 


7 34 


PB2 


PA6 


8 33 


PB3 


PAS 


9 32 


— PB4 


PA4— -| 


10 31 


— PBS 


PA3 


II 30 


PB6 


PA2 


12 29 


PB7 


PAI 


13 28 


80 


PAO 


14 27 


— Bl 


AI2 


15 26 


B2 


All 


16 25 


83 


AlO 


17 24 


L— 84 


A9 


18 23 


85 


A8 


19 22 


86 


vss — 


20 21 


p-B7 




TOP VIEW 




MCS- 3SII6 


TERMINAL ASSIGNMENT 



The CDP6805E2 Microprocessor Unit (MPU) belongs to the 
CDP6805 Family of Microcomputers. This 8-bit fully static and 
expandable microprocessor contains a CPU, on-chip RAM, I/O, 
and TIMER. It Is a low-power, low-cost processor designed for 
low-end to mid-range applications in the consumer, automotive, 
industrial, and communications markets where very low power 
consumption constitutes an important factor. The following are 
the major features of the CDP6805E2 MPU. 



OSCI 0SC2 
39I 



Objective Data 
CMOS 8-Bit Microprocessor 

Hardware Features 

■ Typical full speed operating power of35mW@5V 

■ Typical WAIT mode power ofSmW 

■ Typical STOP mode power of 25 fjW 

■ 112 bytes of on-chip RAM 

■ 16 bidirectional I/O lines 

■ Internal 8-bit timer with software programmable 7-bit 
prescaler 

■ External timer input 

m Full external and timer interrupts 

■ Multiplexed address/data bus 

■ Master reset and power-on reset 

m Capable of addressing up to dK bytes of external memory 

■ Single 3- to 6-volt supply 

■ On-chip oscillator 

40-pin dual-in-line package 

Software Features 

■ Similar to the MC6800 

■ Efficient use of program space 

■ Versatile interrupt handling 

■ True bit manipulation 

■ Addressing modes with indexed addressing for tables 

■ Efficient instruction set 

■ Memory mapped I/O 

■ Two power saving standby modes 

RESET LI IRQ 



Timer/ 
8 Counter 




Multiplexed 

Address/ 

Data 

Bus 



A8 




A9 


Address 


A10 


Bus 


All 




A12 




AS 


Address Strobe 


DS 


Data Strobe (*2) 


R/W 


Read/Write 



Fig. 1 - Block diagram. 
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MAXIMUM RATINGS (voltages referenced to Vgs) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8.0 


V 


All Input Voltages Except OS CI 


Vin 


Vss-0.5toVDD + 0.5 


V 


Current Drain Per Pin Excluding Vpb ^nd Vgs 


1 


10 


mA 


Operating Temperature Range 
CDP6805E2 
CDP6805E2C 


Ta 


Tl to Th 

0to70 

-40 to 85 


°C 


Storage Tennperature Range 


^stg 


-55 to +150 


°C 



DC ELECTRICAL CHARACTERISTICS 3.0 V (Vdd = 3.0 Vdc, Vss = 0, Ta = 0° to 70 


°C, unless otherwise noted) 




Characteristics 


Symbol 


Min 


Max 


Unit 


Output Voltage IlqaD^ 100 M^ 


Vol 


Vdd-0.1 


0.1 


V 


Total Supply Current (Ci_ = 50 pF - no DC loads) tcyc = 5MS 
Run (V|L = 0.2 V, V|h = Vdo-0.2 V) 


'dd 




1.3 


mA 


Wait (Test Conditions - See Note Below) 


Idd 


- 


200 


mA 


Stop (Test Conditions - See Note Below) 


•dd 


- 


100 


mA 


Output High Voltage 
<ILOAD = 0-25 mA) A8-A12,B0-B7 


vqh 


2.7 




V 


<'LOAD = 0'I mA) PA0-PA7, PB0-PB7 


VOH 


2.7 


- 


V 


<IlOAD = 025 mA) DS, AS, R/W 


VOH 


2.7 


- 


V 


Output Low Voltage 

<'LOAD = 0-25 mA) A8-A12, B0-B7 


Vol 


_ 


0.3 


V 


<IlOAD = 0-25 mA) PA0-PA7, PB0-PB7 


Vol 


- 


0.3 


V 


<IlOAD = 0-25 mA) DS, AS, R/W 


Vol 


~ 


0.3 


V 


Input High Voltage 

PA0-PA7, PB0-PB7, B0-B7 


V|H 


2.1 




V 


TIMER, IRQ, RESET 


V|H 


2.5 


-- 


V 


0SC1 


VjH 


2.1 


_ 


V 


Input Low Voltage (All inputs) 


V|L 


_ 


0.5 


V 


Frequency of Operation 
Crystal 


^OSC 


0.032 


1.0 


MHz 


External Clock 


^OSC 


DC 


1.0 


MHz 


Input Current 


Jin 


- 


±1 


mA 


RESET, IRQ, Timer, 0SC1 


Three-State Output Leakage 
PA0-OA7, PB0-PB7, B0-B7 


ITSL 


- 


±10 


mA 


Capacitance 


Cin 


„ 


8.0 


pF 


RESET, IRQ, Timer 


Capacitance 
DS, AS, R/W", A8-A12, PA0-PA7, PB0-PB7, B0-B7 


Cout 


- 


12.0 


pF 



NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
V|L = 0.2 V for PA0-PA7 , PB0-P B7, and B0-B7. 
V|H = Vdd - 0.2 V for RESET, IRQ, and Timer. 
0SC1 input is a squarewave from Vss + 0.2 V to Vqd 
0SC2 output load (including tester) is 35 pF maximum. 
Wait mode Iqd is affected linearly by this capacitance. 



0.2 V. 
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DC ELECTRICAL CHARACTERISTICS 5.0 V (Vdd = 5 Vdc ± 10%, Vss = 0, Ta = ( 


)° to 70°. unless otherwise noted) 




Characteristics 


Symbol 


Min 


Max 


Unit 


Output Voltage IloAD^ ^OO mA 


VOL 

VOH 


vdd-01 


0.1 


V 
V 


Total Supply Current (Ci_= 130 pF - On Bus, Cl = 50 pF - On Ports, 
No DC Loads, tcyc=l O^s 

Run (V|L = 0.2 V, V|h = Vqd " 0.2 V) 


«DD 


- 


10 


mA 


Wait (Test Conditions - See Note Below) 


«DD 


_ 


1.5 


mA 


Stop (Test Conditions - See Note Below) 


«DD 


- 


200 


/*A 


Output High Voltage 

(iL0AD=1 6 mA) A8-A12, B0-B7 


VOH 


4.1 


- 


V 


<'LOAD = 36 mA) PA0-PA7, PB0-PB7 


Vqh 


4.1 


_ 


V 


<IlOAD=1 6 mA) OS, AS, R/V\7 


VOH 


4.1 


- 


V 


Output Low Voltage 

<'L0AD= 1-6 mA) A8-A12, B0-B7 


VOL 




0.4 


V 


<IlOAD= 1-6 mA) PA0-PA7, PB0-PB7 


Vol 


- 


0.4 


V 


<'L0AD=1-6mA) DS, AS, R/W 


Vol 


- 


0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7 


V|H 


Vdd-2.0 




V 


TIMER, iR^, RESTf 


V|H 


Vdd-0.8 


-^ 


V 


0SC1 


VjH 


Vdd-15 


- 


V 


Input Low Voltage (All Inputs) 


V|L 


- 


0.8 


V 


Frequency of Operation 
Crystal 


fosc 


0.032 


5.0 


MHz 


External Clock 


^osc 


DC 


5.0 


MHz 


Input Current 


lin 


_ 


±1 


mA 


,RESET, IRQ, Timer, 0SC1 


Three-State Output Leakage 
PA0-PA7, PB0-PB7, B0-B7 


ITSI 


_ 


±10 


mA 


Capacitance 


C|n 


_ 


8.0 


pF 


RESET, IRQ, Timer 


Capacitance 
DS, AS, R/W, A8-A12, PA0-PA7, PB0-PB7, B0-B7 


Cout 


- 


12.0 


pF 



NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
V|L = 0.2 V for PA0-PA7 . PBQ-PB7, a nd B0-B7. 
V|H = Vdd - 0.2 V for RESET, IRQ, and Timer. 
0SC1 input is a squarewave from Vss + 0.2 V to Vqd - 0.2 V. 
0SC2 output load (including tester) is 35 pF maximum. 
Wait mode {\qq) is affected linearly by this capacitance. 
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6805-Series LSI Products 




DC ELECTRICAL CHARACTERISTICS 5.0 V (Vdd = 5 Vdc ± 10%, Vss = 0. Ta = 


CDP6805E2 

0° to 70°, unless otherwise noted) 




Characteristics 


Symbol 


Min 


Max 


Unh 






Output Voltage IlOAD^ ^0 /*A 


Vol 

VOH 


Vdd -0.1 


0.1 


v 
v 






Total Supply Current (Cl= 130 pF - On Bus, Cl = 50 pF -^ On Ports, 
No DC Loads, tcyc=10MS 

Run (V(L = 0.2 V, V(h = Vdd " 0.2 V) 


•dd 


- 


10 


mA 






Wait (Test Conditions - See Note Below) 


IDD 


- 


1.5 


mA 






Stop (Test Conditions - See Note Below) 


idd 


- 


200 


mA 






' Output High Voltage 

(•load = 1-6 mA) A8-A12, B0-B7 


VOH 


4.1 


- 


V 






(•load = 0.36 nnA) PA0-PA7, PB0-PB7 


VOH 


4.1 


_ 


V 






(•L0AD=1-6nr^A) DS, AS, R/\7V 


Vqh 


4.1 


- 


V 






Output Low Voltage 
(•lOAD=1 6 nnA) A8-A12, B0-B7 


Vol 




0.4 


V 






<lL0AD=16mA) PA0-PA7, PB0-PB7 


Vol 


_ 


0.4 


V 






<«L0AD=1-6mA)DS, AS, R/W 


Vol 


_ 


0.4 


V 






Input High Voltage 
PA0-PA7, PB0-PB7 


V|H 


Vdd -2.0 




V 






TIMER, \B6. reset 


V|H 


Vdd-0.8 


- 


V 






OSCl 


VjH 


Vdd-15 


- 


V 






Input Low Voltage (All Inputs) 


V|L 


- 


0.8 


V 






Frequency of Operation 
Crystal 


fosc 


0.032 


5.0 


■ 
MHz 






External Clock 


fosc 


DC 


5.0 


MHz 






Input Current 
RESET, IRQ, Timer, OSCl 


l.n 


- 


±1 


mA 






Three-State Output Leakage 
PA0-PA7, PB0-PB7, B0-B7 


ITSI 


— 


±10 


mA 






Capacitance 
RESET, IRQ, Timer 


Cin 


_ 


8.0 


PF 






Capacitance 
DS. AS, R/W, A8-A12, PA0-PA7, PB0-PB7, B0-B7 


Cout 


_ 


12.0 


pF 





NOTE; Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
V|L = 0.2 V for PA0-PA7 , PBQ-PB7, a nd B0-B7. 
V|H = Vdd - 0.2 V for RESET, IRQ, and Timer. 
OSCl input is a squarewave from Vss + 0.2 V to Vdd ~ 
0SC2 output load (including tester) is 35 pF maximum. 
Wait mode (Idd^ 'S affected linearly by this capacitance. 



0.2 V. 



I 
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RCA CMOS LSI Product3 



CDP6805E2 



TABLE 1 - CON! 


rROU TIM 


ING (Vss 


= O.Ta = 


0° to 70°C) 










fOSC = lMHz 


Vdd = 5V t 10% 
fOSC*5 MHz 




Characteristics 


Symbol 


Min 


Typ 


Max 


Min 


Typ 


Max 


Unit 


I/O Port Timing - Input Setup Tinne (Figure 3) 


tPVASL 


500 


- 


- 


250 


- 


_ 


ns 


Input Hold Time (Figure 3) 


tASLPX 


100 


- 


- 


100 


^ 


_ 


ns 


Output Delay Time (Figure 3) 


tASLPV 


- 


- 





- 


_ 





ns 


Interrupt Setup Time (Figure 6) 


tILASL 


2 


^ 


-^ 


0.4 


. - 


— 


MS 


Crystal Oscillator Startup Time (Figure 5) 


toxov 


- 


30 


300 


- 


15 


100 


ms 


Wait Recovery Startup Time (Figure 7) 


tJVASH 


- 


_ 


10 


- 


_ 


2 


Its 


Stop Recovery Startup Time (Crystal Oscillator) (Figure 8) 


tILASH 


- 


30 


300 


- 


15 


100 


ms 


Required Interrupt Release (Figure 6) 


tDSLIH 


- 


^ 


5 


- 


„ 


1.0 


MS 


Timer Pulse Width (Figure 7) 


tTH. tTL 


0.5 


- 


- 


0.5 


- 


- 


tcyc 


Reset Pulse Width (Figure 5) 


tRL 


5.2 


_ 


- 


1.05 


- 


- 


MS 


Timer Period (Figure 7) 


tTLTL 


1.0 


- 


- 


1.0 


- 


-, 


tcyc 


Interrupt Pulse Width Low (Figure 16) 


t|UH 


1.0 


- 


- 


1.0 


- 


- 


tcyc 


Interrupt Pulse Period (Figure 16) 


tJLIL 


* 


- 


- 


# 


- 


~ 


tcyc 


Oscillator Cycle Period (1/5 of tcyc) 


tOLOL 


1000 


- 


- 


200 


_ 


- 


ms 


0SC1 Pulse Width High 


tOH 


350 


_ 


— 


75 


— 


_ 


ns 


0SC1 Pulse Width Low 


tOL 


350 


- 


-. 


75 


- 


- 


ns 



The minimum period t|LiL should not be less than the number of tcyc cycles it takes to execute the interrupt service routine plus 20 tcyc 
cycles. 



TTL Equivalent 




Test 
Point 



O f- 






-M- 



Bl 



Pin 


Ri 


R2 


C 


PA0-PA7, PB0-PB7 


11.3k 


2.1 k 


50 pF 


B0-B7, A8'A12. 
R/W. DS, AS 


2.5 k 


2 k 


130 pF 



CMOS Equivalent 



Test Point o- 



C==50 pF. PA0-PA7, PB0-PB7 _ 

= 130pF, A8-A12, B0-B7, DS, AS, R/W 
with Vdd = 5V ±10% 



Fig. 2 ' Bquiv^lwt test-load circuits. 
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CDP6805E2 



(VloW = 0-8V. Vhigh = Vdd-2'V,|Vdd = 5'±10% 
Temp = 0° to 70°C, Ci_ on Port=50 pF, foSC = 5 MHz) 



Address 
Strobe 


/ 


A 












Port y 


E. 


> 


Input ^ 














^ • ^PVASL 




^- tASLPX™ ■ 






-jm/mm/m//M/m. 


L 

Ir 








*i tASLPV ^ 







*The address strobe of the first cycle of the next instruction as shown in Table 1 1 . 

Fig. 3 - I/O port timing waveforms. 





TABLE 2 - BUS TIMING ITa = 0° to 70°C, Vss = 


= 0V) See Figure 4 








Num 


Characteristics 


Symbol 


fOSC=1 MHi. 
Vdd = 3|V 
50 pF Load 


fOSC = 5MHi 

vdd=5Iv±io%, 1 

1TTL 
and 130 pF Load 


Unit 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tcyc 


5000 


DC 


1000 


DC 


ns 


2 


Pulse Width, DS Low 


PWel 


2800 


- 


560 


- 


ns 


3 


Pulse Width, DS High or RD, WR, Low 


PWeh 


1800 


- 


375 


_ 


ns 


4 


Clock Transition 


tr. tf 


- 


100 


- 


30 


ns 


8 


R/W Hold 


tRWH 


10 


_ 


10 




ns 


9 


Non-Muxed Address Hold 


tAH 


800 


_ 


100 


„ 


ns 


11 


R/W Delay from DS Fall 


tAD 


. - 


500 


- 


300 


ns 


16 


Non-Muxed Address Delay from AS Rise 


tADH 





200 





100 


ns 


17 


MPU Read Data Setup 


tDSR 


200 


- 


115 


- 


ns 


18 


Read Data Hold 


tDHR 





1000 





160 


ns 


19 


MPU Data Delay, Write 


tDDW 


- 





_ 


120 


ns 


21 


Write Data Hold 


tDHW 


800 


- 


55 


-, 


ns 


23 


Muxed Address Delay from AS Rise 


tBHD 





250 





120 


ns 


24 


Muxed Address Valid to AS Fall 


tASL 


600 


- 


56 


- 


ns 


25 


Muxed Address Hold 


tAHl 


250 


750 


60 


180 


ns 


26 


Delay DS Fall to AS Rise 


tASD 


800 




160 




ns 


27 


Pulse Width. AS High 


pwash 


850 


_ 


175 


^ 


ri8 


28 


Delay. AS Fall to DS Rise 


^ASED 


800 


- 


160 


- 


ns 



I 
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4^ 
00 



AS 



DS 



R/W 



A8- A1 1 



BOB? 
MPU Write 



B0-B7 
MPU Read 




o 

D 

o 
en 
m 



31 

o 

> 

o 

z 
o 

CO 

r" 

CO 

■o 

3 
a. 

c 
n 



^Vhigh-2 V, VL0W = 5Vfor VDD-3V 
VhIGH-Vdd " 2 V, VloW = 8 V for Vqd - 5 V ±1 



Fig. 4 - Bus timing waveforms. 
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y 1 ... _i 


RESET 


JOXOV , ,„_^ 1 


y -u J 


AS 

DS 


H. ^<f» 1920 tcyc -1 

n n N^n n n n n 
II 1 1.^ 1 1 II II II 


n n n n n n n 

II II II II II II II r 


Unmux 






A0-A12 //> 
Address Bus ^^ 

Mux B0-B7 -rj-r 
Address/ Data 'ILL 
Bus 


7/////m IF X IF \^ 1F X IF XNewPCHX X 
,^ FE FF First Instruction 


X X IF X IF X IF X IF X IF XNewPCHX 

New PCH New.PCL^ 


'///////y W////X X7//AV X XX ^ XX ' XX y 


XXX X //////x y/////^ X y X ' )? y , xy 


FE FE 'I New PCH New'PCi! 


FE FE FE FF First instruction 


R/w W//////// \ 


X / 



0SC1 Pin 



Oscillator Waveform 



-tOH- 



Crystal Oscillator Connections 



~'\^J-'^ 



-tOLOL- 




Crystal Parameters Representative Frequencies 





5 MHz 


4 MHz 


1 MHz 


RS max 
CO 
CI 
Q 

cosci 

C0SC2 


500 

8pF 

0.02 pF 

50k 
15-30 pF 
15-25 pF 


750 

7pF 

0.012 pF 

40k 
15-30 pF 
15-25 pF 


4000 

5pF 

0.008 pF 

30k 
15-40 pF 
15-30 pF 



38 
0SC2 



38 



0SC2 



F/g. 5 - Power-on reset and T^Sk timing waveforms. 
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0SC1 



o 



O 

o 
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09 
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m 

lO 
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o 
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4^ 
o 



AS 

DS_ 

Unmux 

A8-A12 

Address Bus 

IRQ or TCRy 

Mux B0-B7 

Address/ Data 

Bus 



J~L_ 



. n + 2- 



n 



I— n + 3 - 



h— n + 4- 

_rL_ 



I — n + 5- 



» — n + 6- 
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^ 



Next Op Code Address 
^^ILASL 



X 7~x;;=zDc:^ 



1F int Routine 

Starting Addr 



Int Routine 
Last Addr 



o 

o 

■o 
o> 

09 

o 
m 



X 



• H ^dslih' 



SP SP-1 SP-2 SP-3 SP-4 



ZX3CZZ)OC=3CX2cOD(IcH^oCXDOCZZ)OCcOO( 



Next Op Code 



J^CH New PCL / ,. j 



FA (IRQ) FB (IRQ) 
F8 (Timer) F9 (Timer) 



1st Op Code 
Int Routine 



^ 



i^DOCZDC 



RTI 
Op Code 



R/w jzr 



\_ 



^DSLIH - The interrupting device must release the IRQ line within this time to prevent subsequent recognition of the same interrupt. 



Fig. 6 - IRQ and TCRj interrupt timing waveforms. 



internal/ External , , , 

Clock _J 1 I I 



TCRb7 



Unmux 

A8-A12 — y- 
A_ 



Address Bus ■ 



tTH 



Timer 
tTL , punter = $00|^^^^^^_^ 

— L_j'Mx_j — L__j — \ r 



As_n n TL 

DS 



Op Code Addr 



fry ac v^ 



-tlVASH ^,. 

rL_ 



J L 



I — n + 1 — •4* n + 2 —^ — n + 3 -•4* n + 4-»4« — n + 5 m\ m n + 6-^)« — n + 7— •J 

n n n n n n n n_ 



_rn r~L 



j~n r-\. 



2^ 



Int Routine Starting Addr 

/ IF y — JT— »■/ X — 



X 
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Fig. 7 - Timer interrupt after WAIT Instruction timing waveforms. 



0SC2* mzmnmmmzin' 
m ■ ^ 



As_rL 



JT 



OS 



j~~i r~Lv 



Unmux 

A8-A12 

Address Bus 

Mux B0-B7 

Address/ Data 
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-1920 tcyiT 
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_rL 
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Int Routine 
Starting Addr 
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Represents the internal gating of the 0SC1 input pin. 
tcyc is one instruction cycle (for f0SC = 5 MHz, tcyc= 1 fts) 
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New PCH New PCL 
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1st Op Code 
Int Routine 



F\g. 8 - interrupt recovery from STOP instruction timing waveforms. 
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RCA CMOS LSI Products 



CDP6805E2 



FUNCTIONAL PIN DESCRIPTION 



Vdd ai^d Vss - Vdd and Vss provide power to the 
chip. Vdd provides power and Vss 'S ground. 

IRQ (Maskable Interrupt Request) - fRQ is a level- 
sensitive and edge sensitive input which can be used to re- 
quest an interrupt sequence. The MPU completes the cur- 
rent instruction before it responds to the request. IF IRQ is 
low and the interrupt mask bit (1-bit) in the Condition Code 
Register is qlear, the MPU begins an interrupt sequence at 
the end of the current instruction. The interrupt circuit 
recognizes both a "Wire ORed" level as well as pulses on the 
IRQ line (see Interrupt Section for more details), f^ requires 
an external resistor to Vdd ^or "Wire OR" operation. 

RESET - The RESET input is not required for start-up but 
can be used to reset the MRU's internal state and provide an 
orderly software start-up procedure. Refer to the RESET 
section for a detailed description. 

TIMER - The TIMER input is used for clocking the on- 
chip timer. Refer to TIMER section for a detailed description. 

AS (Address Strobe) - Address Strobe (AS) is an output 
strobe used to indicate the presence of an address on the 
8-bit multiplexed bus. The AS line is used to demultiplex the 
eight least significant address bits from the data bus. A latch 
controlled by Address Strobe should capture addresses on 
the negative edge. This output is capable of driving one stan- 
dard TTL load and 130 pF and is available at fQSC •*• 5 when 
the MPU is not in the WAIT or STOP states. 



DS (Data Strobe) - This output is used to transfer data to 
or from a peripheral or memory. DS occurs anytime the MPU 
does a data read or write. DS also occurs when the MPU 
does a data transfer to or from the MRU's internal memory. 
Refer to Table 2 and Figure 4 for timing characteristics. This 
output is capable of driving one standard TTL load and 



130 pF. DS is a continuous signal at fQSC -^-^ when the 
MPU is not in WAIT or STOP state. Some bus cycles are 
redundant reads of op code bytes. 

R/W (Read/Write) - The R/W output is used to indicate 
the direction of data transfer for both internal memory and 
I/O registers, and external peripheral devices and memories. 
This output is used to indicate to a selected peripheral 
whether the MPU is going to read or write data on the next 
Data Strobe (R/W low=_processor write; R/W 
high = processor read). The R/W output is capable of driving 
one standard TTL load and 130 pF. The normal standby state 
is Read (high). 

A8-A12 (High Order Address Lines) - The A8-A12 output 
lines constitute the higher order non-multiplexed addresses. 
Each output line is capable of driving one standard TTL load 
and 130 pF. 

B0-B7 (Address/ Data Bus) - The 00-87 bidirectional 
lines constitute the lower order addresses and data. These 
lines are multiplexed, with address present at Address 
Strobe time and data present at Data Strobe time. When in 
the data mode, these lines are bidirectional, transferring data 
to and from memory and peripheral devices as indicated by 
the R/W pin. As outputs in either the data or address 
modes, these lines are capable of driving one standard TTL 
load and 130 pF. 

0SC1, 0SC2 - The CDP6805E2 provides for two types 
of oscillator inputs — crystal circuit or external clock. The 
two oscillator pins are used to interface to a crystal circuit, as 
shown in Fig.ure 5. If an external clock is used, it must be 
connected to 0SC1 . The input at these pins is divided by five 
to form the cycle rate seen on the AS and DS pins. The fre- 
quency range is specified by fQSC- The 0SC1 to bus transi- 
tions relationships are provided in Figure 9 for system 
designs using oscillators slower than 5 MHz. 




B0-B7 
MPU Write 



Read data "latched" on DS fall 



Fig. 9 - 0SC1 to bus transitions timing waveforms. 
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Crystal - The circuit shown in Figure 5 is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant 
quartz crystal resonator in the frequency range 
specified for fosc '^i the electrical characteristics 
table. An external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the input pins to minimize out- 
put distortion and start-up stabilization time. 

External Clock - An external clock should be ap- 
plied to the 0SC1 input with the 0SC2 input not con- 
nected, as shown in Figure 10. 

FIGURE 10 - EXTERNAL CLOCK CONNECTION 



0SC1 



e 



0SC2 

No 

Connection 

(NO 



CDP6806E2 



Fig. 10- External clock connection. 



CDP6805E2 

LI (Load Instruction) ~ This output is used to indicate that 
a fetch of the next opcode is in progress. LI remains low dur 
ing an External or Timer interrupt. The LI output is only used 
for certain debugging and test systems. For normal opera- 
tions this pin is not connected. The LI output is capable of 
driving one standard TTL load and 50 pF. This signal 
overlaps Data Strobe. 

PA0-PA7 - These eight pins constitute Input/ Output 
Port A. Each line is individually programmed to be either an 
input or output under software control via its Data Direction 
Register as shown below. An I/O pin is programmed as an 
output when the corresponding DDR bit is set to a "1," and 
as an input when it is set to a "0". In the output mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
reflect the last value written to that location. When program- 
med as an input, the input data bit(s) al'e not latched. An 
MPU read of the port bits programmed as inputs reflects the 
current status of the corresponding input pins. The 
Read/Write port timing Is shown in Figure 3. See typical I/O 
Port Circuitry in Figure 11. During a Power-On Reset or ex- 
ternal RESET all lines are configured as inputs (zero in Data 
Direction Register) . The output port register is not initialized 
by reset. The TTL compatible three-state output buffers are 
capable of driving one standard TTL load and 50 pF. The 
DDR is a read /write register. 

PB0-PB7 — These eight pins interface to Input/Output 
Port B. Refer to PA0-PA7 description for details of opera- 
tion. 





7 


6 


I 


5 


4 


3 


2 









Data Direction 
Register 


DDA7 


DDA6 


DDA5 


DDA4 


DDA3 


DDA2 


DDA1 


DDAO 






















Port A 
Register 



















Pin 



$0004 



$0000 



\ \ l\ \ i i I 

PA7 PA6 PA5 PA4 PA3 PA1 PA1 PAO 



I 





7 


6 


5 


4 


3 


, 


2 









Data Direction 
Register 


DDB7 


DDB6 


DDB5 


DDB4 


DDB3 


DDB2 


DDB1 


DDBO 






















Port B 
Register 



















$0005 



$0001 



Pin 



rTTTTTTT 

PB7 PB6 PBS PB4 PB3 PB2 PB1 PBO 
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/, 



Data Direction 

Register 

Bit 



To 
And / 

From\ 
CPU 



Latched 
Output 
Data Bit 



\ 






<H) 



Fig. 11 - Typical I/O port circuitry. 



TABLE 3 - I/O PIN FUNCTIONS 



R/W 


DDR 


I/O Pin Functions 








The I/O pin is in input mode. Data is written 
into the output data latch. 





1 


Data is written into the output data latch and 
output to the I/O pin. 


1 





The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The output 
data latch is read. 



MEMORY ADDRESSING 

TheCDP6805E2 is capable of addressing 8192 bytes of 
nnennory and I/O registers. The address Space is divided into 
internal memory space and external memory space, as 
shown in Figure 12. 

The internal memory space is located within the first 128 
bytes of memory (first half of page zero) and is comprised of 
the I/O port locations, timer locations, and 112 bytes of 
RAM. The MRU can read from or write to any of these loca- 
tions. A program write to on-chip locations is repeated on 
the external bus to permit off-chip memory to duplicate the 
content of on-chip memory. Program reads to on-chip loca- 
tions also appear on the external bus, but the MPU accepts 
data only from the addressed on-chip location. Any read 
data appearing on the input bus is ignored. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power up, the stack pointer is set to $7F 
and it is decremented as data is pushed onto the stack. 
When data is removed from the stack, the stack pointer is in- 
cremented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allotted stack locations for interrupts and/or subroutine 
stacking purposes, the unused bytes are usable for program 
data storage. 

All memory locations above location $007F are part of the 
external memory map. In addition, ten locations in the I/O 
portion of the lower 128 bytes of memory space, as shown 



in Figure 12, are part of the external memory map. All of the 
external memory space is user definable except the highest 
10 locations. Locations $1FF6 to $1FFF of the external ad- 
dress space are reserved for interrupt and reset vectors (see 
Figure 12). 



REGISTERS 

The CDP6805E2 contains five registers as shown in the 
programming model in Figure 13. The interrupt stacking 
order is shown in Figure 14. 

ACCUMULATOR (A) - This Accumulator is an 8-bit 
general purpose register used for arithmetic calculations and 
data manipulations. 

INDEX REGISTER (X) - The X register is an 8-bit register 
which is used during the indexed modes of addressing. If 
provides an 8-bit operand which is used to create an effective 
address. The index register is also used for data manipula- 
tions with the Read/ Modify/ Write type of instructions and 
as a temporary storage register when not performing ad- 
dressing operations. 

PROGRAM COUNTER (PC) - The program counter is a 
13-bit register that contains the address of the next instruc- 
tion to be executed by the processor. 
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RESET 



$0000" 



10 



$1FF6-$1FF7 
1 
$1FF8-$1FF9 

\ 
$1FFA-$1FFB 

\ 
$1FFC-$1FFD 



$1FFE-$1FFF 



127kl 



Port A Data Register 



Port B Data Register 



External Memory Space 



External Memory Space 



Port A Data Direction Register 



Port B Data Direction Register 



External Memory Space 



External Memory Space 



Timer Data Register 



Timer Control Register 



External Memory 
Space 



RAM 
(112 Bytes) 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 



y 



/ 



/ 



' Stack (64 Bytes Max) 



/ 



$000F 
$0010 



$003F 
$0040 



$007F 



Fig. 12 - Address map. 
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Fig. 13 - Programming model. 



1 1 1 1 1 1 Condition Code Register 


Accumulator 


Index Register 





PCH 1 


PCL 1 



Unstack 



Stack 

A 



Decreasing Memory 
Addresses 



NOTE; Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc Pulling from the stack is in 
the' reverse order 



Fig. 14 - Stacking order. 



STACK POINTER (SP) - The stack pointer is a 13-bit 
register containing the address of the next free location on 
the stack. When accessing nnennory, the seven most- 
significant bits are permanently set to 0000001 . They are ap- 
pended to the six least-significant register bits to produce an 
address within the range of $007F to $0040. The stack area of 
RAM is used to store the return address on subroutine calls 
and the machine state during interrupts. During external or 
power-on reset, and during a "reset stack pointer" instruc- 
tion, the stack pointer is set to its upper limit ($007F). Nested 
interrupts and/or subroutines may use up to 64 (decimal) 
locations, beyond which the stack pointer "wraps around" 
and points to its upper limit thereby losing the previously 
stored information. A subroutine call occupies two RAM 
bytes on the stack, while an interrupt uses five bytes. 

CONDITION CODE REGISTER (CO - The condition 
code register is a 5-bit register in which each bit is used to in- 
dicate the results of the instruction just executed. These bits 
can be individually tested by a program and specific action 



taken as a result of their state. Each of the five bits is explain- 
ed below. 

Half Carry Bit (H) - The H-bit is set to a one when a carry 
occurs between bits 3 and 4 of the ALU during an ADD or 
ADC instruction. The H-bit is useful in Binary Coded Decimal 
addition subroutines. 

Interrupt Mask Bit (I) - When the 1-bit is set, both the ex- 
ternal interrupt and the timer mterrupt are disabled. Clearing 
this bit enables the above interrupts. If an interrupt occurs 
while the 1-bit is set, the interrupt is latched and will be pro- 
cessed when the 1-bit is next cleared. 

Negative Bit (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is a logical one). 

Zero Bit (Z) - When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was zero. 
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Carry Bit (C) — The C-bit is set when a carry or a borrow 
out of the ALU occurs during an arithmetic instruction. The 
C-bit is also modified during bit test, shift, rotate, and branch 
types of instruction. 

RESETS 

The CDP6805 E2 has two reset modes: an active low ex- 
ternal reset pin (RESET) and a Power-On Reset function; 
refer to Figure 5. 



RESET (Pin #1) - The. RESET input pin is used to reset 
the MPU and provide an orderly software st art-up p ro- 
cedure. When using the external reset mode, t he RESE T pin 
must stay low for a minimum of one tcyc- The RESET pin is 
provided with a Schmitt Trigger to improve its noise immuni- 
ty capability. 

Power-On Reset - The Power-on Reset occurs when a 
positive transition is detected on Vqd- The Power-on Reset 
is used strictly for power turn-on conditions and should not 
be used to detect any drops in the power supply voltage. 
There is no provision for a power-down reset. The power-on 
circuitry provides for a 1920 tcyc delay from the time of the 
first oscillator operation. If the external reset pin is low at the 
end of the 1920 tcyc time out, the processor remains in the 
reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

- Timer control register interrupt request bit (bit 7) 

is cleared to a "0". 
" Timer control register interrupt mask bit (bit 6) is 
set to a "1". 

- All data direction register bits are cleared to a "0" 

(inputs). 

- Stack pointer is set to $007F. 

- The address bus is forced to the reset vector 

($1FFE, $1FFF). 

- Condition code register interrupt mask bit (I) is set to 

a "1". 

- STOP and WAIT latches are reset. 

- External interrupt latch is reset. 

All other functions, such as other registers (including out- 
put ports) the timer, etc., are not cleared by the reset condi- 
tions. 

INTERRUPTS 

The CDP6805E2 is capable of operation with three dif- 
ferent interrupts, two hardware (timer interrupt and external 
interrupt) and one software (SWI). When any of these inter- 
rupts occur, normal processing is suspended at the end of 
the current instruction execution. All of the program 
registers (the machine state) are pushed onto the stack; refer 
to Figure 14 for stacking order. The appropriate vector point- 
ing to the starting address of the interrupt service routine is 
"then fetched; refer to Figure 15 for the interrupt sequence. 

The priority of the various interrupts from highest to 
lowest is as follows: 

RESET-**-* External Interrupt— Timer Interrupt 

TIMER INTERRUPT - If the timer mask bit (TCR6) is 
cleared, then each time the timer decrements to zero (transi- 
tions from $01 to $00) an interrupt request is generated. The 
actual processor interrupt is generated only if the interrupt 
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mask bit of the condition code register is also cleared. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the 1-bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer in- 
terrupt service routine. The address for this service routine is 
specified by the contents of $1 FF8 and $1 FF9. The contents 
of $1 FF6 and $1 FF7 specify the service routine. Also, 
software must be used to clear the timer interrupt request bit 
(TCR7). At the end of the timer interrupt service routine, the 
software normally executes an RTI instruction which restores 
the machine state and starts executing the interrupted 
program. 



EXTERNAL INTERRUPT - If the interrupt mask bit of the 
condition code register is cleared and the external interrupt 
pin IRQ is "low," then the external interrupt occurs. The ac- 
tion of the external interrupt is identical to the timer interrupt 
with the exception that the service routine address is 
specified by the contents of $1FFA and $1FFB. The interrupt 
logic recognizes both a "wire ORed" level and pulses on the 
external interrupt line. Figure 16 shows both a functional 
diagram and timing for the interrupt line. The timing diagram 
shows two different treatments of the interrupt line (fRQ) to 
the processor. The first configuration shows many interrupt 
lines "wire ORed" to form the interrupts at the processor. 
Thus, if after servicing an interrupt the IRQ remains low, 
then the next interrupt is recognized. The second method is 
single pulses on the interrupt line spaced far enough apart to 
be service. The minimum time between pulses is a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has exited the routine (an RTI occurs). This time 
(t|LiL) is obtained by adding 20 instruction cycles (one cycle 
tcyc=5/fosc) to the total number of cycles it takes to 
complete the service routine including the RTI instruction; 
refer to Figure 6. 



SOFTWARE INTERRUPT (SWI) - The software interrupt 
is an executable instruction. The action of the SWI instruc- 
tion is similar to the hardware interrupts. The SWI is ex- 
ecuted regardless of the state of the interrupt mask in the 
condition code register. The service routine address is 
specified by the contents of memory locations $1FFC and 
$1FFD, See Figure 15 for Interrupt and Instruction Process- 
ing Flowchart. 

The following three functions are not strictly interrupts; 
however, the y are tie d very closely to the interrupts. These 
functions are RESET, STOP, WAIT. 



I 



RESET — The RESET input pin and the internal Power-on 
Reset function each cause the program to vector to an in- 
itialization program. This vector is specified by the contents 
of memory locations $1FFE and $1FFF. The interrupt mask 
of the condition code register is also set. Refer to RESET 
section for details. 



*Any current instruction including SWI. 
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Force Interrupt 
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NOTE: The clear of TCR bit 7 nnust be accomplished with software. 



Fig. 15 - Interrupt and instruction processing fiowchart. 
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(a) Interrupt Functional Diagram 
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Pulse Condition 

The minimum pulse width (t|LiH) is one 
tcyc- ^he period t|LiL should not be less 
than the number of tcyc cycles it takes to 
execute the interrupt service routine plus 
20 tcyc cycles. 



I 



Fig. 16 - External interrupt 
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STOP - The STOP instruction places the CDP6805E2 In 
a low power consumption mode. In the STOP function the 
internal oscillator is turned off, causing all internal process- 
ing and the timer to be halted; refer to Figure 17. The DS and 
AS lines go to a low state and the R/W line goes to a high 
state. The multiplexed address/data bus goes to the data in- 
put state. The high order address lines remain at the address 
of the next instruction. The MPU remains in the STOP mode 
until an external interrupt or reset occurs; refer to Figure 8 
and 17. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and mertiory remain unaltered. All I/O lines 
remain unchanged. 



( Stop j 



Stop Oscillator 
And All Clocks 

TCR Bit 7--0 
Bit 6-1 

Clear I Mask 




Yes 



Turn on Oscillator 
Walt for Time 
Delay to Stabilize 



Fetch External Interrupt 
or Reset Vector 



Fig. 17- Stop function flowchart. 

WAIT - The WAIT instruction places the MC146805E2 in 
a low power consumption mode, but the WAIT mode con- 



sumes somewhat more power than the STOP mode; refer to 
Table 1. In the WAIT function, the internal clock is disabled 
from all internal circuitry except the Timer circuit; refer to 
Figure 18. Thus, all internal processing is halted except the 
Timer which is allowed to count in a normal sequence. The 
R/W line goes to a high state, the multiplexed address/data 
bus goes to the data input state, and the DS and AS lines go 
to the low state. The high order address lines remain at the 
address of the next instruction. The MPU remains in this 
state until an external interrupt, timer interrupt, or a reset oc- 
curs; refer to Figures 7 and 18. 

During the WAIT mode, the 1-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. If an external and a timer interrupt occur at the same 
time, the external interrupt is serviced first; then, if the timer 
interrupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer WAIT inter- 
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 

TIMER 

The MPU timer contains a single 8-bit software program- 
mable counter with 7-bit software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt request bit, -i.e., bit 7 of the Timer 
Control Register (TCR) is set. Then if the timer interrupt is 
not masked, i.e., bit 6 of the TCR and the 1-bit in the Condi- 
tion Code Register are both cleared, the processor receives 
an interrupt. After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca- 
tions $1FF8 and $1FF9 in order to begin servicing the inter- 
rupt, unless it was in locations $1FF6 and $1FF7 the WAIT 
mode. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
becomes stable prior to the read portion of a cycle and does 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. If this happens 
before the timer interrupt is serviced, the interrupt is lost. 
TCR7 may also be used as a scanned status bit in a non- 
interrupt mode of operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the. timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are cleared to all "O's" by the write operation into 
TCR when bit 3 of the written data equals 1 , which allows for 
truncation-free counting. 

The Timer input can be configured for three different 
.operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
TIMER CONTROL REGISTER section. 

Timer Input Mode 1 - If TCR4 and TCR5 are both pro- 
grammed to a "0", the input to the Timer is from an internal 
clock and the Timer input is disabled. The internal clock 
mode can be used for periodic interrupt generation, as well 
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Fig. 16' Wait function flowchart. 



as a reference in frequency and event measurement. The in- 
ternal clock Is the Instruction cycle clock and is coincident 
with Address Strobe (AS) except during a WAIT instruction. 
During a WAIT instruction the AS pin goes to a low state but 
the internal clock to the Timer continues to run at its normal 
rate. 

Timer Input Mode 2 - With TCR4= 1 and TCR5=a the 
internal clock and the TIMER input pin are ANDed together 
to form the Timer Input signal. This mode can be used to 
measure external pulse widths. The external pulse simply 
turns on the internal clock for the duration of the pulse. The 
resolution of the count in this mode is ±1 clock and 
therefore accuracy improves with longer Input pulse widths. 



Timer Input Mode 3 - If TCR4= and TCR5= 1, then all 
inputs to the Timer are disabled. 

Timer Input Mode 4 - If TCR4= 1 and TCR5= 1, the in- 
ternal clock input to the Timer is disabled and the TIMER in- 
put pin becomes the input to the Timer. The external Timer 
pin can, in this mode, be used to count external events 
as well as external frequencies for generating periodic inter- 
rupts. 

Figure 19 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $F0. 
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NOTES: 

1 . Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external input. 

2. Counter is written to during Data Strobe (DS) and counts down continuously. 



Fig. 19' Timer blocl< diagram. 



Timer Control Register (TCR) 
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TCR2 


TORI 


TCRO 



All bits in this register except bit 3 are Read/Write bits. 

TCR7 - Tinner interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "1". 

1 - Set whenever the counter decrements to zero, or un- 
der program control. 

— Cleared on external reset, power-on reset, STOP in- 

struction, or program control. 

TCR6 - Timer interrupt mask bit: when this bit is a logic 
"1" it inhibits the timer interrupt to the processor. 

1 — Set on external reset, power-on reset, STOP instruc- 

tion, or program control. 

- Cleared under program control. 

TCR5 — External or iriternal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by ^ESlt.) 

1 — Select external clock source. 

- Select internal clock source (AS). 

TCR4 - External enable bit: con trol bit used to enable the 
external timer pin. (Unaffected by RESET.) 

1 — Enable external timer pin. 
— Disable external timer pin. 
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AND of internal clock (AS) and TIMER 
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Inputs to Timer disabled 

TIMER pin to Timer 



Refer to Figure 19 for Logic Representation. 



TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a "0." (Unaffected by RESET.) 



TCR2, TCR1, TCRO - Prescaler address bits: decoded to 
select o ne of eight taps on the prescaler. (Unaffected by 
RESET.) 
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INSTRUCTION SET 

The MPU has a set of 61 basic instructions. They can be 
divided into five different types: register/ mennory, 
read /modify /write, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type. All the 
instructions within a given type are presented in individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS - Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table 4. 

READ/MODIFY/WRITE INSTRUCTIONS - These in- 
structions read a memory location or a register, modify or 
test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/ modify/ write 
sequence since it does not modify the value. Refer to 
Table 5. 

BRANCH INSTRUCTIONS - This set of instructions 
branches if a particular condition is met, otherwise no opera- 
tion is performed. Branch instructions are two byt^e instruc- 
tions. Refer to Table 6. 

BIT MANIPULATION INSTRUCTIONS - The MPU is 
capable of setting or clearing any bit which resides in the first 
256 bytes of the memory space, where all port registers, port 
DDRs, timer, timer control, and on-chip RAM reside. An ad- 
ditional feature allows the software to test and branch on the 
state of any bit within these 256 locations. The bit set, bit 
clear and bit test and branch functions are all implemented 
with a single instruction. For the test and branch instructions 
the value of the bit tested is also placed in the carry bit of the 
Condition Code Register. Refer to Table 7 for Instruction cy- 
cle timing. 

CONTROL INSTRUCTIONS - These instructions are 
register reference instructions and are used to control pro- 
cessor operation during program execution. Refer to Table 8 
for instruction cycle timing. 

ALPHABETICAL LISTING - The complete instruction set 
is given in alphabetical order in Table 9. 

OPCODE MAP SUMMARY - Table 10 is an opcode map 
for the instructions used on the MCU. 

ADDRESSING MODES 

The MPU uses ten different addressing modes to give the 
programmer an opportunity to optimize the code to all situa- 
tions. The various indexed addressing modes make it possi- 
ble to locate data tables, code conversion tables and scalmg 
tables anywhere in the memory space. Short indexed ac- 
cesses are single byte instructions, while the longest instruc- 
tions (three bytes) permit tables throughout memory. Short 
and long absolute addressing is also included. Two byte 
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direct addressing instructions access all data bytes ir^ most 
applications. Extended addressing permits jump instructions 
to reach all memory. Table 9 shows the addressing modes 
for each instruction, with the effects each instruction has on 
the Condition Code Register. An opcode map is shown in 
Table 10. 

The term "Effective Address" or EA is used In describing 
the various addressing modes, which is defined as the ad- 
dress to or from which the argument for an instruction is fet- 
ched or stored. The ten addressing modes of the processor 
are described below. Parentheses are used to indicate "con- 
tents of," an arrow indicates "is replaced by" and a colon in- 
dicates concatenation of two bytes. 



Inherent — In inherent instructions all the information 
necessary to execute the instruction is contained in the op- 
code. Operations specifying only the index register or ac- 
cumulator, and no other arguments, are included in this 
mode. 

Immediate — In immediate addressing, the operand is 
contained in the byte immediately following the opcode. Im- 
mediate addressing is used to access constants which do not 
change during program execution (e.g., a constant used to 
initialize a loop counter). 

EA=PC-H1; PC-PC -h2 

Direct - In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single two 
byte instruction. This includes ail on-chip RAM and I/O 
registers and up to 128 bytes of off-chip ROM. Direct ad- 
dressing is efficient in both memory and speed. 
EA=(PC-h1); PC-PC + 2 
Address Bus High— 0; Address Bus Low— (PC 4-1) 

Extended - In the extended addressing mode, the effect- 
ive address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
modes are capable of referencing arguments anywhere in 
memory with a single three byte instruction. When using the 
CDP6805 assembler, the user need not specify whether an 
instruction uses direct or extended addressing. The 
assembler automatically selects the most efficient addressing 
mode. 

EA=(PC-h1):(PC-h2); PC-PC -h3 
Address Bus High-(PC+1); Address Bus Low-(PC-i-2) 

Indexed, No-Offset - In the indexed, no offset addressing 
mode, the effective address of the argument is contained in 
the 8-bit index register. Thus, this addressing mode can ac- 
cess the first 256 memory locations. These instructions are 
only one byte long. This mode is used to move a pointer 
through a table or to address a frequently referenced RAM or 
I/O location. 

EA=X; PC- PC -hi 
Address Bus High^O; Address Bus Low— X 
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TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 





Addressing Modes 




Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Op 
Code 


1 

Bytes 


# 

Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 




3 


E6 


2 


4 


D6 


3 


5 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 




3 


EE 


2 


4 


DE 


3 


5 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


4 


C7 


3 


5 


F7 




4 


E7 


2 


5 


D7 


3 


6 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


4 


CF 


3 


5 


FF 




4 


EF 


2 


5 


DF 


3 


6 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 




3 


EB 


2 


4 


DB 


3 


5 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 




3 


E9 


2 


4 


D9 


3 


5 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 




3 


EO 


2 


4 


DO 


3 


5 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 




3 


E2 


2 


4 


D2 


3 


5 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 




3 


E4 


2 


4 


D4 


3 


5 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 




3 


EA 


2 


4 


DA 


3 


5 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


FB 




3 


E8 


2 


4 


D8 


3 


5 


Arithmetic Compare A 
with Memory 


CMP 


Al 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 




3 


E1 


2 


4 


D1 


3 


5 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3' 


C3 


3 


4 


F3 




3 


E3 


2 


4 


D3 


3 


5 


Bit Test Memory with 
A (Logical Compare)- 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 




3 


E5 


2 


4 


D5 


3 


5 


Jump Unconditional 


JMP 


- 




- 


BC 


2 


2 


CC 


3 


3 


FC 




2 


EC 


2 


3 


DC 


3 


4 


Jump to Subroutine 


JSR 


- . 


~ 


- 


BD 


2 


5 


CD 


3 


6 


FD 




5 


ED 


2 


6 


DD 


3 


7 







TABLE 5 - 


READ/MODIFY/WRITE INSTRUCTIONS 


















Addressing Modes | 




Inherent (A) 


Inherent (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




3 


5C 




3 


3C 


2 


5 


7C 




5 


6C 


2 


6 


Decrement 


DEC 


4A 




3 


5A 




3 


3A 


2 


5 


7A 




5 


6A 


2 


6 


Clear 


CLR 


4F 




3 


5F 




3 


3F 


2 


5 


7F 




5 


6F 


2 


6 


Complement 


COM 


43 




3 


53 




3 


33 


2 


5 


73 




5 


63 


2 


6 


Negate 

(Zs Complement) 


NEG 


40 




3 


50 




3 


30 


2 


5 


70 




5 


60 


2 


6 


Rotate Left Thru Carry 


ROL 


49 




3 


59 




3 


39 


2 


5 


79 




5 


69 


2 


6 


Rotate Right Thru 
Carry 


ROR 


46 




3 


56 




3 


36 


2 


5 


76 




5 


66 


2 


6 


Logical Shift Left 


LSL 


48 




3 


58 




3 


38 


2 


5 


78 




5 


68 


2 


6 


Logical Shift Right 


LSR 


44 




3 


54 




3 


34 


2 


5 


74 




5 


64 


2 


6 


Arithmetic Shift Right 


ASR 


47 




3 


57 




3 


37 


2 


5 


77 




5 


67 


2 


6 


Test for Negative 
or Zero 


TST 


4D 




3 


5D 


1 


3 


3D 


2 


4 


7D 




4 


6D 


2 


5 



o 
o 
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o> 

00 

o 

Ol 
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TABLE 6 - BRANCH INSTRUCTIONS 







Relative AddrMtino Mode | 


Function 


Mnemonic 


Op 
Code 


# 

Bytes 


# 

Cycles 


Branch Always 


BRA 


20 


2 


3 


Branch Never 


BRN 


21 


2 


3 


Branch IFF Higher 


BHI 


22 


2 


3 


Branch IFF Lower or Same 


BLS 


23 


2 


3 


Branch IFF Carry Clear 


BCC 


24 


2 


3 


(Branch IFF Higher or Same) 


(BHS) 


24 


2 


3 


Branch IFF Carry Set 


BCS 


25 


2 


3 


(Branch IFF Lower) 


(BLO) 


25 


2 


3 


Branch IFF Not Equal 


6NE 


26 


2 


3 


Branch IFF Equal 


BEQ 


27 


2 


3 


Branch IFF Half Carry Clear 


BHCC 


28 


2 


3 


Branch IFF Half Carry Set 


BHCS 


29 


2 


3 


Branch IFF Plus 


BPL 


2A 


2 


3 


Branch IFF Minus 


BMI 


2B 


2 


3 


Branch IFF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


3 


Branch IFF Interrupt Mask Bit is Set 


BMS 


2D 


2 


3 


Branch IFF Interrupt Line is Low 


BIL 


2E 


2 


3 


Branch IFF Interrupt Line is High 


BIH 


2F 


2 


3 


Branch to Subroutine 


BSR 


AD 


2 


6 



TABLE 7 - BIT MANIPULATION INSTRUCTIONS 







Addressing Modes | 


Function 


Mnemonic 


Bit Set/ Clear 


Bit Test and Branch | 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Branch IFF Bit n is Set 


BRSET n (n = 0...7) 


- 


- 


- 


2»n 


3 


5 


Branch IFF Bit n is Clear 


BRCLR n (n = 0..,7) 


- 


- 


. - 


01 + 2»n 


3 


5 


Set Bit n 


BSETn (n = 0...7) 


10+2«n 


2 


5 


- 


- 


- 


Clear Bit n 


BCLR n (n = 0.,.7) 


11+2»n 


2 


5 


- 


- 


- 



I 



TABLE 8 - ( 


:ONTROL INS 


TRUCTIO 


NS 






Inherent | 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cybles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




10 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 


Stop 


STOP 


8E 




2 


Wait 


WAIT 


8F 




2 



465 



RCA CMOS LSI Products 



CDP6805E2 



TABLE 9 - INSTRUCTION SET 



Mnemonic 


Addressing Modes 


Condition Codes | 


Inherent 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Testa 
Branch 


H 


■ 


N 


Z 


c 


ADC 




X 


X 


X 




X 


X 


L X 








• 


A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 













A 


A 


A 


BCC 










X 
















• 


• 


• 


BCLR 


















X 






• 


• 


• 


• 


BCS 










X 














• 


• 


• 


• 


BEQ 










X 
















• 


• 


• 


BHCC 










X 
















• 


• 


• 


BHCS 










X 
















• 


• 


• 


6HI 










X 














• 


• 


• 


• 


BHS 










X 


' 














• 


• 


• 


BIH 










X 














• 


• 


• 


• 


BIL 










X 
















• 


• 


• 


Bit 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


BLO 










X 














• 


• 


• 


• 


BLS 










X 

















• 


• 


• 


BMC 










X 














• 


• 


• 


• 


BMI 










X 














• 


• 


• 


• 


BMS 










X 














• 


• 


• 


• 


BNE 










X 














• 






• 


BPL 










X 
















• 


• 


• 


BRA 










X 
















• 


• 


• 


BRN 








— -- 


X 

















• 


• 


• 


BRCLR 












X 






• 


• 


A 


BRSET 




















X 






• 


• 


A 


BSET 




















X 








• 


• 


• 


BSR 






X 












• 


• 


• 


CLC 


X 


























• 


• 





CLI 


X 


















• 


• 


• 


CLR 


X 




X 






X 


X 















1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X, 


X 




X 


X 


X 








• 


A 


A 


• 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 






















• 


• 


• 


• 


ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 

























• 


• 


• 


RTI 


X 










- 












? 






? 


RTS 


X 






















• 




• 


SBC 




X 


X 


X 


__ — 


X 


X 


X 










A 




A 


SEC 


X 




















• 




1 


SEI 


X 
























• 




• 


STA 






X' 


X 




X 


X 


X 










A 


A 


• 


STOP 


X 

























• 


• 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 






















1 


• 


• 


• 


TAX 


X 






















• 






• 


TST 


X 




X 






X 


X 












A 


A 


• ' 


TXA 


X 
























• 


• 


• 


WAIT 


X 










. 















• 


• 


• 



Condition Code Synnbois 

H Half Carry (From Bit 3) 

I Interrupt Mask 

N Negative (Sign Bit) 

Z Zero 

C Carry/ Borrow 



A Test and Set if True. Cleared Otherwise. 

• Not Affected 

? Load CC Register Fronn Stack 

Cleared 

1 Set 
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TABLE 10 - CDP6805E2 INSTRUCTION SET OPCODE MAP 







Branch 


Read/Modifv/Write 


Control 


Register/ Mamorv 




BTB 


B$C 


REL 


DIR 


INHCAV 


INH(X> 


iXI 


IX 


IMH 


INH 


IMM 


OIR 


EXT 


1X2 


1X1 


IX 




"6 


T 


2 


T 


0100 


0101 


6 


f 


1000 


tool 




B 
1011 


^' 


t 


1 


9 

nil 


Hi ^^-^^ 





BRSETO 
3 BTB 


BSETO 

2 BSC 


3 
BRA 

2 REL 


5 
NEG 
2 DIR 


3 

NEGA 

1 INH 


3 
NEGX 

1 INH 


NEG 
2 1X1 


5 
NEG 

1 IX 


9 
RTI 

1 INH 




SUB 

2 IMM 


3 
SUB 
2 DIR 


4 

SUB 

3 EXT 


SUB 

3 1X2 


4 

SUB 

2 1X1 


3 
SUB 

1 IX 




0000 


1 
0001 


5 
BRCLRO 
3 BTB 


5 
BCLRO 
2 BSC 


BRN 

2 REL 












6 

RTS 

1 INH 




2 
CMP 

2 IMM 


CMP 

2 DIR 


CMP 

3 EXT 


CMP 

3 1X2 


CMP 

2 1X1 


3 
CMP 

1 IX 


1 

0001 


2 

0010 


5 
BRSET1 
3 BTB 


5 

BSET1 

2 BSC 


BHI 

2 REL 
















2 

SBC 

2 IMM 


3 

SBC 

2 DIR 


SBC 

3 EXT 


5 
SBC 

3 1X2 


4 
SBC 

2 1X1 


SBC^ 

1 IX 


2 

0010 


3 

0011 


BRCLR.1 

3 BTB 


5 
BCLR1 
2 BSC 


3 
BLS 
2 REL 


COM 

2 DIR 


3 

COMA 

1 INH 


3 
COMX 

1 INH 


6 
COM 

2 1X1 


COM 

1 IX 


10 

SWI 

1 . INH 




2 
CPX 

2 IMM 


3 
CPX 

2 DIR 


4 
CPX 
3 tXT 


5 
CPX 

3 1X2 


' 4' 

CPX 

2 1X1 


3 
CPX 

1 IX 


3 

0011 


4 

0100 


5 
BRSET2 
3 BTB 


BSET2 

2 BSC 


3 
BCC 
2 REL 


, 5 
LSR 

2 DIR 


LSRA 

1 INH 


LSRX 

1 INH 


6 
LSR 

2 1X1 


5 
LSR 

1 IX 






2 
AND 

2 IMM 


3 
AND 
2 DIR 


4 

AND 

3 EXT 


5 
AND 
3 1X2 


AND 

2 1X1 


3 
AND 

1 IX 


4 

0100 


5 

0101 


BRCLR2 
3 BTB 


5 
BCLR2 
2 BSC 


BCS 

2 REL 
















2 
BIT 
2 IMM 


BIT 
2 DIR 


4 

BIT 
3 EXT 


5 
BIT 
3 1X2 


4 

BIT 

2 1X1 


3 
BIT 


5 

0101 


6 

0110 


BRSET3 
3 BTB 


5 

BSET3 

2 BSC 


3 
BNE 
2 REL 


5 
ROR 
2 DIR 


RORA 

1 INH 


RORX 

1 INH 


6 
ROR 

2 1X1 


ROR 

1 IX 






2 
LDA 

2 IMM 


3 
LDA 

2 DIR 


4 
LDA 
3 EXT 


5 
LDA 
3 1X2 


4 

LDA 

2 1X1 


3 
LDA 

1 IX 


6 

ono 


7 
0111 


BRCLR3 
3 BTB 


5 
BCLR3 
2 BSC 


BEQ 

2 REL 


ASR 

2 DIR 


ASRA 

1 INH 


ASRX 

1 INH 


6 

ASR 

2 1X1 


ASR 

1 IX 




2 
TAX ' 

1 INH 




4 

STA 
2 DIR 


s 

STA 

3 EXT 


6 
STA 

3 1X2 


5 
STA 

2 1X1 


4 
STA 

1 IX 


7 

cm 


8 

1000 


5 
BRSET4 

3 BTB 


5 
BSET4 


3 
BHCC 
2 REL 


5 
LSL 
2 DIR 


3 
LSLA 
1 INH 


LSLX 

1 (NH 


6 
LSL 

2 ' 1X1. 


5 
LSL 

1 IX 




2 
CLC 

1 INH 


2 
EOR 

2 IMM 


3 

EOR 

2 DIR 


4 

EOR 

3 EXT 


6 5 
EOR 

3 1X2 


EOR 

2 1X1 


EOR 

1 IX 


8 

1000 


9 

1001 


5 
BRCLR4 
3 BTB 


BCLR4 
2 BSC 


3 
8HCS 
2 REL 


5 
ROL 

2 DIR 


ROLA 

1 INH 


3 
ROLX 

1 INH 


6 
ROL 

2 1X1 


5 
ROL 

1 IX 




2 
SEC 

1 INH 


2 

ADC 

2 IMM 


ADC 

2 DIR 


4 
ADC 

3 EXT 


5 
ADC 
3 1X2 


ADC 

2 1X1 


3 
ADC 

1 IX 


9 

1001 


A 

1010 


5 
BRSET5 
3 BTB 


BSET5 
2 BSC 


3 
BPL 

2 REL 


5 
DEC 

2 DIR 


3 

DECA 

1 INH 


DECX 

1 INH 


6 

DEC 

2 1X1 


5 

DEC 

1 IX 




1 INH 


2 
ORA 

2 IMM 


3 
ORA 
2 DIR 


ORA 

3 EXT 


5 

ORA 

3 1X2 


4 

ORA 

2 1X1 


3 

ORA 

1 IX 


A 

101C 


B 

1011 


5 

BRCLR5 
3 BTB 


5 

BCLR5 
2 Bsq 


3 
BMI 
2 REL 














2 
SEI 

1 INH 


2 
ADD 

2 IMM 


3 
ADD 

2 DIR 


4 
ADD 
3 EXT 


5 
ADD 
3 1X2 


4 
ADD 

2 1X1 


ADD 

1 IX 


B 

IQII 


c 

1100 


5 
BRSET6 
3 BTB 


BSET6 

2 BSC 


BMC 

2 REL 


5 
INC 
2 DIR 


3 
INCA 

1 INH 


3 
INCX 

1 INH 


6 
INC 

2 (XI 


5 
INC 

1 IX 




2 

RSP 

1 INH 




2 
JMP 
2 DIR 


3 

JMP 
3 EXT 


4 
JMP 
3 1X2 


3 
JMP 

2 1X1 


i 
JMP 

1 IX 


c 

noc 


D 

1101 


5 
BRCLR6 

3 BTB 


BCLR6 

2 BSC 


3 
BMS 
2 REL 


TST 
2 DIR 


3 
TSTA 

1 INH 


3 
TSTX 

1 INH 


5 
TST 
2 1X1 


4 

TST 

1 IX 




2 
NOP 

1 INH 


6 

BSR 

2 REL 


5 
JSR 

2 DIR 


6 
JSR 
3 EXT 


7 
JSR 

3 1X2 


6 
JSR 

2 1X1 


5 
JSR 

1 IX 


D 

1101 


E 

1110 


5 
BRSET7 
3 BTB 


5 
BSET7 


BIL 
2 REL 












2 
STOP 

1 INH 




2 
LDX 

2 IMM 


3 
LDX 
2 DIR 


- 4 

LDX 
3 EXT 


5 
LDX 

3 1X2 


4 

LDX 

2 1X1 


3 
LDX 

1 IX 


E 

nic 


F 

1 nil 


5 
BRCLR7 
3 BTB 


BCLR7 
2 BSC 


BIH 
2 REL 


5 
CLR 
2 DIR 


3 
CLRA 

1 INH 


3 
CLRX 

1 INH 


6 
CLR 

2 1X1 


5 
CLR 

1 IX 


i 
WAIT 

1 INH 


2 
TXA 

1 INH 




4 

STX 

2 DIR 


5 
STX 

3 EXT 


6 
STX 

3 1X2 


5 
STX 

2 1X1 


4 

STX 

1 IX 


F 



Abbrevistiont for Addrmt Modes 



LEGEND 





INH 


Inherent 




IMM 


tmnnediate 




DIR 


Direct 




EXT 


Extended 




REL 


Relative 




BSC 


Bit Set/Clear 




BTB 


Bit Test and Branch 




IX 


Indexed INo Offset) 




1X1 


Indexed, 1 Byte (8-Bit) Offeet 




1X2 


Indexed, 2 Byte (t6-Bit) Offset 




• 


CMOS Versions Only 


4!^ 






o> 






->l 







Mnemonic 
Bytes 

# of Cycles 




m 



RCA CMOS LSI Products 
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Indexed, 8-bit Offset - Here the EA is obtained by aaoing 
the contents of the byte following the opcode to that of the 
index register. The operand is therefore located anywhere 
within the lowest 51 1 mennory locations. For example, this 
mode of addressing is useful for selecting the m-th element in 
an n element table. All instructions are two bytes. The con- 
tents of the index register (X) is not changed. The contents 
of (PC+ 1) is an unsigned 8-bit integer. One byte offset in- 
dexing permits look-up tables to be easily accessed in either 
RAM or ROM. 

EA=X + (PC-i-1); PC-PC + 2 
Address Bus High-K; Address Bus Low-X + (PC-h 1) 
Where: K = The carry from the addition of X + (PC -h 1 ) 

Indexed, 16-Blt Offset - In the indexed, 16-bit offset ad- 
dressing mode the effective address is the sum of the con- 
tents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed 8-bit offset, ex- 
cept that this three byte instruction allows tables to be 
anywhere in memory (e.g., jump tables in ROM). As with 
direct and extended, the | assembler determines the most 
lefficient form of indexed offset — 8 or 16 bit. The content of 
the index register is not changed. 

EA=X + [(PC+1):(PC-h2)]; PC-PC -h3 

Address Bus High-(PC->- 1)-i- K; 

Address Bus Low-X-f-(PC-h2) 

Where: K = The carry from the addition of X -♦- (PC -i- 2) 

Relative - Relative addressing is only used in branch in- 
structions. In relative addressing the contents of the 8-bit 
signed byte following the opcode (the offset) is added to the 
PC if and only if the branch condition is true. Otherwise, 
control proceeds to the next instruction. The span of relative 
addressing is limited to the range of - 126 to +129 bytes 
from the branch instruction opcode location. The Motorola 
assembler calculates the proper offset and checks to see if it 
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is within the span of the branch. 

EA= PC -1-2-1- (PC -hi); PC*-EAif branch taken; 
otherwise PC— PC-i-2 

Bit Set/ Clear - Direct addressing and bit addressing are 
combined in instructions which set and clear individual 
memory and I/O bits. In the bit set and clear instructions, the 
byte is specified as a direct address in the location following 
the opcode. The first 256 addressable locations are thus ac- 
cessed. The bit to be modified within that byte is specified 
with three bits of the opcode. The bit set and clear instruc- 
tions occupy two bytes, one for the opcode (including the bit 
number) and the second to address the byte which contains 
the bit of interest. 

EA=(PC-f 1); PC-PC + 2 
Address Bus High— 0; Address Bus Low-(PC+1) 

Bit Test and Branch - Bit test and branch is a combina- 
tion of direct addressing, bit addressing and relative address- 
ing. The bit address and condition (set or clear) to be tested 
is part of the opcode. The address of the byte to be tested is 
in the single byte immediately following the opcode byte 
(EA1). The signed relative 8-bit offset is in the third byte iEAZ) and 
is added to the PC if the specified bit is set or clear in the 
specified memory location. This single three byte instruction 
allows the program to branch based on the condition of any 
bit in the first 256 locations of memory. 
EA1 = (PC+1) 
Address Bus High-0; Address Bus Low-(PC-i-l) 
EA2=PC-h3+(PC-»-2); PC-EA2 if branch taken; 
otherwise PC- PC -i- 3 

SYSTEM CONFIGURATION 

Figures 20 through 25 show in general terms how the 
CDP6805E2 bus structure may be utilized. Specified inter- 
face details vary with the various peripheral and memory 
devices employed. 
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Fig. 20 - Connection to CMOS peripherals. 
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F\g. 21 - Connection to CMOS multiplexed memories. 
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Fig. 22 - Connection to peripherals. 



469 



RCA CMOS LSI Products 



CDP6805E2 



CDP6805E2 



B0-B7 ^ 



A8-A12 



R/W 
DS 



AS 



Address/Data Bus 



Address 



Read/ 

Write Read . 



Data Strobe 



V 



Address 
Decode 



Address 
Strobe 



Data 




Address 



c> 



Output 
Enable 



Chip 
Enable 



Q0-Q7 

CMOS 
Non-Muxed 
A0-A7 ROM or 
EPROM 



A8 



Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM. 
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Fig. 24 - Connection to static CMOS RAMs. 
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Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 
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Table 1 1 provides a detailed descriptiqn_of the information 
present on the Bus, the Read/Write (R/W) pin and the Load 
Instruction (LI) pin during each cycle for each instruction. 

This information is useful in comparing actual with ex- 



pected results during debug of both software and hardware 
as the control program is executed. The information is 
categorized in groups according to addressing mode and 
number of cycles per instruction. 



TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION 



Address Mode 


Cycles 


Cycle # 


Address Bus 


RA^ 
Pin 


LI 
Pin 


Data Bus 


Instructions 


inherent | 


LSR LSL 














ASR NEG 




1 


Op Code Address 




1 


Op Code 


CLR ROL 


3 


2 


Op Code Address + 1 







Op Code Next Instruction 


COM ROR 




3 


Op Code Address + 1 







Op Code Next Instruction 


DEC INC TST 














TAX CLC SEC 
STOP CLI SEI 


2 


1 


Op Code Address 




1 


Op Code 


RSP WAIT NOP TXA 




2 


Op Code Address + 1 







Op Code Next Instruction 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Op Code Next Instruction 


RTS 


6 


3 


Stack Pointer 







Irrelevant Data 


4 


Stack Pointer + 1 







Irrelevant Data 






5 


Stack Pointer + 2 







Irrelevant Data 






6 


New Op Code Address 







New Op Code 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Op Code Next Instruction 






3 


Stack Pointer 








Return Address (LO Byte) 






4 


Stack Pointer - 1 








Return Address (HI Byte) 


SWI 


10 


5 


Stack Pointer -2 








Contents of Index Register 




6 


Stack Pointer ~ 3 








Contents of Accumulator 






7 


Stack Pointer -4 








Contents of CC Register 






8 


Vector Address 1FFC( Hex) 







Address of Int. Routine (HI Byte) 






9 


Vector Address IFFD(Hex) 







Address of Int. Routine (LO Byte) 






10 


Interrupt Routine Starting Address 







Interrupt Routine First Opcode 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Op Code Next Instruction 






3 


Stack Pointer 







Irrelevant Data 






4 


Stack Pointer + 1 







Irrelevant Data 


RTI 


9 


5 


Stack Pointer + 2 







Irrelevant Data 






6 


Stack Pointer +3 







Irrelevant Data 






7 


Stack Pointer +4 







Irrelevant Data 






8 


Stack Pointer +5 







Irrelevant Data 






9 


New Op Code Address 







New Op Code 


Immediate | 


ADC EOR CPX 














ADD LDA LDX 


2 


1 


Op Code Address 


1 


1 


Op Code 


AND ORA BIT 


2 


Op Code Address + 1 


1 





Operand Data 


SBC CMB SUB 














Bit Set/Clear | 






1 


Op Code Address 


1 


1 


Op Code 


BSET n 




2 


Op Code Address + 1 


1 





Address of Operand 


BCLR n 


5 


3 


Address of Operand 


1 





Operand Data 






4 


Address of Operand 


1 





Operand Data 






' 5 


Address of Operand 








Manipulated Data 


Bit Test and Branch | 






1 


Op Code Address 




1 


Op Code 


BRSET n 




2 


Op Code Address -»- 1 







Address of Operand 


BRCLR n 


5 


3 


Address of Operand 







Operand Data 






4 


Op Code Address + 2 







Branch Offset 






5 


Op Code Address + 2 







Branch Offset 


Relative | 


BCC BHI BNE BEQ 














BCS BPL BHCC BLS 




1 


Op Code Address 




1 


Op Code 


BIL BMC BRN BHCS 


3 


2 


Op Code Address + 1 


1 





Branch Offset 


BIH BMI BMS BRA 




3 


Op Code Address + 1 







Branch Offset 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address -f 1 







Branch Offset 


BSR 


6 


3 


Op Code Address + 1 







Branch Offset 




4 


Subroutine Starting Address 







First Subroutine Op Code 






5 


Stack Pointer 








Return Address (LO Byte) 






6 


Stack Pointer - 1 








Return Address (HI Byte) 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 



CDP6805E2 



Address Mode 


Cycles 


Cycles 1 


Address Bus 


R/W 
Pin 


LI 
Pin 


DmiBm 


Instructions 


Direct 1 


JMP 


2 


1 
2 


Op Code Address 
Op Code Address + 1 




1 



Op Code 
Jump Address 


ADC EOR CPX 
ADD LDA LDX 
AND ORA BIT 
SBC CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




1 





Op Code 

Address of Operand 

Operand Data 


TST 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Op Code Address + 2 




1 






Op Code 

Address of Operand 

Operand Data 

Op Code Next Instruction 


STA 
STX 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Adrress + 1 
Op Code Address + 1 
Address of Operand 




1 






Op Code 

Address of Operand 
Address of Operand 
Operand Data 


LSL LSR DEC 
ASR NEC INC 
CLR ROL 
COM ROR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address 
Operand Address 





1 







Op Code 

Address of Operand 
Current Operand Data 
Current Operand Data 
New Operand Data 


JSR 


5 


1 
2 
3 
4 
, 5 


Op Code Address 
Op Code Address -f- 1 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 






1 







Op Code 

Subroutine Address (LO Byte) 
1st Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 


Extended 


JMP 


3 


1 
2 

3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




1 





Op Code 

Jump Address (HI Byte) 

Jump Address (LO Byte) 


ADC BIT ORA 
ADD CMP LDX 
AND EOR SBC 
CPX LDA SUB 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 




1 






Op Code 

Address Operand (HI Byte) 
Address Operand (LO Byte) 
Operand Data 


STA 
STX 


5 


1 
2 

3 
4 
5 


Op Code Address 
Op Code Address -f 1 
Op Code Address -i-2 
Op Code Address +2 
Address of Operand 





1 







Op Code 

Address of Operand (HI Byte) 
Address of Operand (LO Byte) 
Address of Operand (LO Byte) 
Operand Data 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 






1 








Op Code 

Address of Subroutine (HI Byte) 
Address of Subroutine (LO Byte) 
1st Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 


Indexed, No-Offset 1 


JMP 


2 


1 
2 


Op Code Address 
Op Code Address + 1 




1 

^ 


Op Code 

Op Code Next Instruction 


ADC EOR CPX 
ADD LDA LDX 
ANDORA BIT 
SBC CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Index Register 




1 





Op Code 

Op Code Next Instruction 

Operand Data 


TST 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Index Register 
Op Code Address -(- 1 




.1 






Op Code 

Op Code Next Instruction 

Operand Data 

Op Code Next Instruction 


STA 
STX 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Index Register 





1 






Op Code 

Op Code Next Instruction 
Op Code Next Instruction 
Operand Data 


LSL LSR DEC 
ASR NEG INC 
CLR ROL 
COM ROR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address -f 1 
Index Register 
Index Register 
Index Register 





1 







Op Code 

Op Code Next Instruction 
Current Operand Data 
Current Operand Data 
New Operand Data 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Index Register 
Stack Pointer 
Stack Pointer - 1 






1 







Op Code 

Op Code Next Instruction 
1st Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 



I 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 



Address Mode 


Cycles 


Cycles # 


Address Bus 


R/W 
Pin 


LI 
Pin 


Data Bus 


Instructions 


Indexed 8-Bit Offset I 


JMP 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 




1 





Op Code 

Offset 

Offset 


ADC EOR CPX 
ADD LDA LDX 
AND ORA CMP 
SUB BIT SBC 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Index Register + Offset 




1 





Op Code 
Offset 
Offset 
Operand Data 


STA 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Op Code Address + 1 
Index Register + Offset 





1 







Op Code 
Offset 
Offset 
Offset 
Operand Data 


TST 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Index Register + Offset 
Op Code Address + 2 




1 







Op Code 

Offset 

Offset 

Operand Data 

Op Code Next Instruction 


LSL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC INC 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Index Register -f Offset 
Index Register + Offset 
Index Register + Offset 





1 








Op Code 

Offset 

Offset 

Current Operand Data 

Current Operand Data 

New Operand Data 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 
Index Register + Offset 
Stack Pointer 
Stack Pointer - 1 






1 








Op Code 

Offset 

Offset 

1st Subroutine Op Code 

Return Address LO Byte 

Return Address HI Byte 


Indexed, 16-Bit Off^ I 


JMP 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address -i- 1 
Op Code Address + 2 
Op Code Address + 2 




1 






Op Code 
Offset (HI Byte) 
Offset (LO Byte) 
Offset (LO Byte) 


ADC CMP SUB 
ADD EOR SBC 
AND ORA 
CPX LDA 
BIT LDX 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Op Code Address + 2 
Index Register + Offset 




1 







Op Code 
Offset (HI Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Operand Data 


STA 
STX 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Op Code Address + 2 
Op Code Address + 2 
Index Register + Offset 




1 








Op Code 
Offset (HI Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Operand Data 


JSR 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Op Code Address + 2 
Index Register + Offset 
Stack Pointer 
Stack Pointer - 1 






1 









Op Code 

Offset (HI Byte) 

Offset (LO Byte) 

Offset (LO Byte) 

1st Subroutine Op Code 

Return Address (LO Byte) 

Return Address (HO Byte) 
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TABLE 11 ~ SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 





Cycles 


Cycles # 


Address Bus 


RESET 
Pin 


R/W 
Pin 


u 

Pin 


DMaBiM 1 


Other Functions ] 




5 


1 
2 
3 
4 
5 


$1FFE 
$1FFE 
$1FFE 
$1FFE 
$1FFE 
$1FFE 
Reset Vector 

















Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Vector High 
Vector Low 
Op Code 


Hardware RESET 


Power on Reset 


1922 


1 


$1FFE 









Irrelevant Data 


• • • • • • 

• • • • • • 

• • • • • • 


1919 
1920 
1921 
1922 


$1FFE 
$1FFE 
$1FFF 
Reset Vector 


1 
1 
1 

1 


1 
1 
1 
1 








Irrelevant Data 
Vector High 
Vector Low 
Op Code 


Instruction 


Cycles 


Cycles # 


Address Bus 


Pin 


R/W 
Pin 


LI 
Pin 


Data Bus 


IRQ Interrupt 

(Timer Vector $1 FF8, $1FF9) 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Last Cycle of Previous 

Instruction 

Next Op Code Address 

Next Op Code Address 

SP 

SP-1 

SP-2 

SP-3 

SP-4 

$1FFA 

$1FFB 

IR^ Vector 





X 
X 
X 
X 
X 
X 
X 
X 
X 


X 

1 
1 






1 
1 

1 
















X 

Irrelevant Data 
Irrelevant Data 
Return Address (LO Byte) 
Return Address (HI Byte) 
Contents Index Reg 
Contents Accumulator 
Contents CC Register 
Vector High 
Vector Low 
Int Routine First 



APPENDIX 
CDP6805E2 INTERRUPT CLARIFICATION 



Under certain circumstances, the CDP6806E2 '(BP4xxx 
& AWSxxxx) 8-bit Microprocessor Unit FrO interrupt does 
not confornn to the operation described in this Advanced In- 
formation Sheet (ADI-850R1). 

1 . The level sensitive IRQ mode, which is by far the most 
frequently used, is FULLY OPERATIONAL; thus, most 
CDP6805E2 applications are unaffected. However, 
the edge-triggered FrD interrupt mode MIGHT NOT BE 
SERVICED under certain programming circumstances; 
therefore, it is recommended that the edge-triggered 
mode not be used. 

2 . An interrupt-vector address CAN BE improperly 
generated in some circumstances. There is a possibility 
that when an external interrupt (IRQ) and timer inter- 
rupt occur during the Wait mode (following a Walt in- 
struction), address locations $1FF2 and $1FF3 are 
selected instead of vector locations $1FF6 and $1FF7. 
There are three specific examples listed below; two of 



these require no action and the third has a recommend- 
ed solution. 

a. Those not using the Wait mode need not take any 
action. 

b . I f the Wait mode is used without external interrupt 
(IRQ pin held high), no precautions are required. 

c .When JRQ can be active (low) during the Wait 
mode, the vector in locations $1FF6 and $1FF7 (the 
Wait mode Timer Interrupt Vector) should be 
^duplicated in $1FF2 and $1FF3. In this way the cir- 
cumstances that caused selection of the second 
vector do not disturb normal program execution. 

On future CDP6805E2 parts, no special actions will be 
necessary. If you have questions, contact your Motorola 
distributor or Motorola sales office, or contact Motorola 
Microprocessor Applications Engineering in Austin, Texas. 



I 
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CDP6805 FAMILY 





CDP6805E2 


I CPP6806F2 


[CDPMINM2 


Technology 


CMOS 


CMOS 


CMOS 


Number of Pins 


40 


28 


40 


On-Chip RAM (Bytes) 


112 


64 


112 


On-Chip User ROM (Bytes) 


None 


IK 


2K 


External Bus 


Yes 


None 


None 


Bidirectional I/O Lines 


16 


16 


32 


Unidirectional I/O Lines 


None 


4 Inputs 


None 


Other I/O Features 


Timer 


Timer 


Timer 


External Interrupt Inputs 


1 


1 


1 


EPROM Version 


None 


None 


None 


STOP and WAIT 


Yes 


Yes 


Yes 



OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices, have a 
network for electrostatic protection during handling. Recom- 
mended handling practices for CMOS devices are de- 
scribed in iCAN-6525, "Guide to Better Handling and 
Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vqd— Vss ^° exceed the absolute maximum rating. 



input Signals 

To prevent damage to the input protection circuit, input 
signals sliould never be greater than Vqq nor iess than 
Vss- 1 nput currents must not exceed 1 mA even when the 
power supply is off. 

Unuaad Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vqq or 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vpo or Vss "^^Y damage CMOS 
devices by exceeding the maximum device dissipation. 



Ordering Information 

RCA Microprocessor device packages are identified by letters 
indicated in the following chart. When ordering a Microprocesor 
device, it is important that the appropriate suffix letter be affixed 
to the type number of the device. 

Package Suffix Ltttsr 

Dual-ln-Line Side-Brazed Ceramic D 

Dual-ln-Llne Plastic E 

For example, a CDP6805E2 in a dual-in-line plastic package will 
be identified as the CDP6805E2E. 
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Objective Data 



CDP6805F2 



RESET 


1 ^ 28 


— Vqd 


IW 


2 27 


TIMER 


NUM 


3 26 


PCO 


OSCI 


4 25 


PCI 


0SC2 1 


5 24 


PC2 


PAO 


6 23 


PC3 


PA1 


7 22 


PBO 


PA2 


8 21 


PB1 


PA3 


9 20 


PB2 


PA4 


10 19 


PB3 


PAS 


II 18 


PB4 


PA6 


12 17 


PB5 


PA7 


13 16 


PB6 


vss — 


14 15 


P87 




TOP VIEW 




92CS-3503I 


TERMINAL ASSIGNMENT 



CMOS HIgh-Performance Silicon-Gate 
8-Blt Microcomputer 



Features: 

■ Typical full speed operating power 
oflOmWatSV 

■ Typical WAIT mode power of3mW 

■ Typical STOP mode power of 25 fjW 

■ Fully static operation 

■ 64 bytes of on-chip RAM 

■ 7089 bytes of on-chip ROM 
m 16 bidirectional I/O lines 

■ 4 Input-only lines 

■ Internal 8-bit timer with software 
programmable 7-bit prescaler 

■ External timer input 

■ External and timer interrupts 

■ Self-check mode 

■ Master reset and power-on reset 



■ Single 3 to 6 volt supply 
m On-chip oscillator 

m 1 fjs cycle time 

■ 28-pin dual-in-line package 

Software Features: 

■ Similar to the MC6800 

■ Efficient use of program space 

■ Versatile interrupt handling 

■ True bit manipulation 

■ Addressing modes with indexed 
addressing for tables 

■ Efficient instruction set 

■ Memory-mapped I/O 

■ User-callable self-check routines 

■ Two power-saving standby modes 



The CDP6805F2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of Microcomputers. This 8-bit MCU 
contains on-chip oscillator CPU, RAM, ROM, I/O, and 
Timer. The fully static design allows operation at frequencies 
down to DC, further reducing Its already low-power 



consumption. It is a low-power processor designed for low- 
end to mid-range applications in the consumer, automotive, 
Industrial, and communications markets where very low 
power consumption constitutes an Important factor. 
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NUM 
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Fig. 1 - CDP6805F2 CMOS microcomputer block diagram. 
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MAXIMUM RATINGS (Voltages Referenced to Vss) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8 


V 


All Input Voltages Except 0SC1 


Vin 


Vss-0.5to Vdd + 0.5 


V 


Current Drain per Pin Excluding Vqd and Vss 


1 


10 


mA 


Operating Tennperature Range 
gDP6805F2 
CDP6805F2C 


Ta 


Tl to Th 

0to70 
-40 to +85 


°C 


Storage Temperature Range 


^stg 


-55 to +150 


°C 



Vdd = 4.5V 



'Load 



Test Point C>- 



4.27 k 



50 pF: 



-H- 



20.5 k 



Fig. 2 - Equivalent test load. 




0.3 0.4 0.5 0.6 0.7 0.8 

INTERNAL FREQUENCY (1/tcyc)— MHz 



Fig. 3 - Typical operating current vs. internal frequency. 
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DC ELECTRICAL CHARACTERISTICS (VpD = 5 Vdc ± 10% , Vss = Vdc. Ta = Tl to Th, unless otherwise noted) (See Note 1) 



Characteristics 


Symbol 


MIn 


Max 


Unit 


Output Voltage, iLoad^ 100 ^A 


Vol 

VOH 


vdd-0.1 


0.1 


V 


Output High Voltage (lLoad= -200 /tA) PA0-PA7, PB0-PB7 


VOH 


4.1 


- 


V 


Output Low Voltage, {lLoad = 800/tA) PA0-PA7, PB0-PB7 


Vol 


- 


0.4 


V 


Input High Voltage 
Ports PA0-PA7. PB0-PB7, PC0-PC3 
TIMER, mn, RESET 
0SC1 


V|H 


Vdd-2 

Vdd-0.8 

Vdd-1.5 


Vdd 
vdd 
Vdd 


V 


Input Low Voltage, All Inputs 


V|L 


vss 


0.8 


V 


Total Supply Current (Cl = 50 pF on Ports, No do Loads, tcyc= 1 /ts) 
RUN (Measured During Self-Check, V||_ = 0.2 V, V|h = Vdd-0.2 V) 
WAIT (See Note 2) 
STOP (See Note 2) 


'dd 


- 


5 

2 

200 


mA 
mA 
^A 


l/O^orts Input Leakage - PA0-PA7, PB0-PB7 


l|L 


_ 


±10 


^A 


Input Current - RESET, irtO, TIMER, 0SC1, PC0-PC3 


'in 


- 


±1 


^A 


Output Capacitance - Ports A and B 


^out 


_ 


12 


pF 


Input Capacitance - RESET, IRQ, TIMER, 0SC1, PC0-PC3 


Cin 


- 


8 


pF 



NOTES: 

1. Electrical Characteristics for Vdd = 3 V available soon. 

2. Test Conditions for Idd are as follows: 

All ports programnned as inputs 

V|L = 0.2 V (PA0-PA7, PB0-PB7, PC 0-PC3) 

V|H = Vdd-0.2 V for RESET, IRQ, TIMER 

OSCl input is a square wave from 0.2 V to Vdd-0.2 V 

0SC2 output load = 20 pF (WAIT \qq is affected linearly by the 0SC2 capacitance) 



TABLE 1 - CONTROL TIMING CHARACTERISTICS (Vdd = 5 Vdc ±10%, Vss = 0, Ta = Tl to Th, fosc=4 MHz, tcyc=1 /*s) 



Characteristics 


Symbol 


MIn 


Max 


Unit 


Crystal Oscillator Startup Time (See Figure 5) 


toxov 


- 


100 


ms 


Stop Recovery Startup Time - Crystal Oscillator (See Figure 6) 


tILCH 


_ 


100 


ms 


Timer Pulse Width (See Figure 4) 


tTH. tTL 


0.5 


- 


tcyc 


Reset Pulse Width (See Figure 5) 


tRL 


1.5 


- 


tcyc 


Timer Period (See Figure 4) 


tTLTL 


1 


- 


tcyc 


Interrupt Pulse Width (See Figure 15) 


tILIH 


1 


- 


tcyc 


Interrupt Pulse Period (See Figure 15) 


tlLIL 


* 


- 


tcyc 


OSCl Pulse Width (See Figure 7) 


tOH' tOL 


100 


- 


ns 


Cycle Time 


tcyc 


1000 


- 


ns 


Frequency of Operation 
Crystal 
External Clock 


^osc 


dc 


4 
4 


MHz 



*The minimum period, t|Li|_, should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc 
cycles. 
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Fig. 4 - Timer relationships. 
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* Internal timing signal not available externally. 



Fig. 5 - Power-on RESET and RESET. 
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0SC2 



♦* 



-nA- 



^< ^//////////// rm 



IRQ 



RESET 



^^ 



^ILCH 



-^<- 



-1920 t 



eye 



->A 



«2' 



rTJi_rL_r 



■**■ Internal timing signals not available externally, 
** Represents the internal gating of the 0SC1 input pin, 



Fig. 6 - Stop recovery. 



FUNCTIONAL PIN DESCRIPTION 

Vdd and Vss 

Power is supplied to the MCU using these two pins. Vqd 
is power and Vss is ground. 

IRQ (MASKABLE INTERRUPT REQUEST) 

IRQ is photomask option selectable with the choice of in- 
terrupt sensitivity being both level and negative edge or 
negative edge only. The MCU completes the c urrent instruc- 
tion before it responds to the request. If IRQ is low and the 
interrupt mask bit (I bit) in the condition code register is 
dear, the MCU begins an interrupt sequence at the end of 
the current instruction. 

if the photoma sk o ption is selected to include level sen- 
sitivity, then the IRQ input requires an external resistor to 
Vdd ^or "wire-OR" operation. See the Interrupt section for 
more detail. 



RESE T 

The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an order- 
ly software start-up procedure. Refer to the Resets section 
for a detailed description. 

TIMER 

The TIMER input may be used as an external clock for the 
on-chip timer. Refer to the Timer section for a detailed 
description. 

NUM (NON-USER MODE) 

This pin is intended for use in self-check only. User ap- 
plications should leave this pin connected to ground through 
a 10 kilohm resistor. 



0SC1, 0SC2 

The CDP6805F2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived from either a divide-by-two or divide- 
by-four of the external frequency (fosc^- Both of these op- 
tions are photomask selectable. 

RC - If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fosc 'S shown in Figure 8. 

CRYSTAL — The circuit shown in Figure 7(a) is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fosc '"^ 
the electical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vdd- Refer to Table 1, 
Control Timing Characteristics, for limits. 

EXTERNAL CLOCK - An external clock should be ap- 
plied to the 0SC1 input with the 0SC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. tQXOV or 
^ILCH clo not apply when using an external clock input. 

PA0-PA7 

These eight I/O lines comprise Port A. Thestateof any pin 
is software programmable. Refer to the Input/ Output Pro- 
gramming section for a detailed description. 



I 
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Crystal Parameters 





1 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


Q 


Co 


5 


7 


PF 


Cl 


0.008 


0.012 


mF 


cosci 


15-40 


15-30 


pF 


C0SC2 


15-30 


15-25 


pF 


Rp 


10 


10 


Ml] 


Q 


30k 


40 k 


- 



Oscillator Waveform 



^^ 7' 



■tOL- 



■tOH- 



'^ 



CDP6805F2 

0SC1 .0SC2 



(a) Crystal Oscillator Connections and Equivalent Crystal Circuit 

L Cl Rs 



4 Rp 



Cqsci i: zjz Cosc2 




HDh 



(b) RC Oscillator Connection 



CDP6805F2 

0SC1 0SC2 



I vw, 1 



(c) External Clock Source Connections 



CDP6806F2 

OSCl 0SC2 



Unconnected 



-< External Clock 



Fig. 7 - Oscillator connections. 
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R(kQ) 
Fig. 8 - Frequency vs. resistance for 
RC oscillator option only. 



CDP6805F2 

PB0-PB7 

These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to the Input/ Output Pro- 
gramming section for a detailed description. 

PC0-PC3 

These four lines comprise Port C, a fixed input port. When 
Port C is read, the four most-significant bits on the data bus 
are "1s" . There is no data direction register associated with 
Port C. 

INPUT/OUTPUT PROGRAMMING 

Any Port A or B pin may be software programmed as an 
input or output by the state of the corresponding bit in the 
port data direction register (DDR). A pin is configured as an 
output if its corresponding DDR bit is set to a logic "1". A 
pin is configured as an input if its corresponding DDR bit is 
cleared to a logic "0". At reset, all DDRs are cleared, which 
configures all port pins as inputs. A port pin configured as an 
output will output the data in the corresponding bit of its 
port data latch. Refer to Figure 9 and Table 2. 



(a) 



Internal 
CDP6805F2 ^ 
Connections ^ 




(b) 



Typical Port 

Data Direction 

Register 

Typical Port 
Register 



Pin 



1 




6 


5 


4 


3 


2 


1 


. 





DDR 7 


DDR 6 


DDR 5 


DDR 4 


DDR 3 


DDR 2 


DDR1 


DDRO 





































I 



rTTTTTTT 

P-7 P-6 P-5 P-4 P-3 P-2 P-1 P-0 



Fig. 9 - Typical I/O port circuitry. 
TABLE 2 - I/O PIN FUNCTIONS 



R/W 



DDR 



I/O Pin Function 



The I/O pin is in input mode. Data is written into the output data latch. 



Data IS wntten into the output data latch and output to the I/O pin. 



The state of the I/O pin is read 



The I/O pin is in an output mode. The output data latch is read 
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SELF-CHECK 



The CDP6805F2 self-check is performed using the circuit 
in Figure 10. Self-check is initiated by tying NUM and TIMER 
pins to a logic "1" then executing a reset. After reset, the 
following five tests are executed automatically: 

I/O - Functionally Exercise Ports A, B, C 

RAM - Walking Bit Test 

ROM - Exclusive OR with ODD "1s" Parity Result 

Timer — Functionally Exercise Timer 

Interrupts — Functionally Exercise External and Timer In- 
terrupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 
quire any external hardware. 

TABLE 3 - SELF-CHECK RESULTS 



PBS 


PB2 


PB1 


PBO 


Remarks 


1 





1 


1 


Bad Timer 


1 


1 








Bad RAM 


1 


1 





1 


Bad ROM 


1 


1 


1 





Bad Interrupt or Request Flag 


All Cycling 


Good Part 


All Others 


Bad Part 



RAM SELF-CHECK SUBROUTINE 

Returns with the Z bit clear if any error is detected; other- 
wise, the Z bit is set. 



The RAM test must be called with the stack pointer at $7F 
and the accumulator zeroed. When run, the test checks 
every RAM cell except for $7F and $7E which are assumed to 
contain the return address. 

A and X are modified. All RAM locations except the top 2 
are modified. (Enter at location $78B.) 



ROM CHECKSUM SUBROUTINE 

Returns with Z bit cleared if any error was found; other- 
wise Z= 1, X = on return, and A is zero if the test passed. 
RAM locations $40-$43 are overwritten. (Enter at location 
$7A4.) 



TIMER TEST SUBROUTINE 

Return with Z bit cleared if any error was found; otherwise 
Z=1. 

This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on exit, the clock will be running and the interrupt 
mask will not be set, so the caller must protect himself from 
interrupts if necessary. 

A and X register contents are lost; this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine also detects if the timer is running at all. 
(Enter at location $7BE.) 




CDP6805F2 



vdd 

TIMER 
PCO 
PCI 
PC2 
PC3 
PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



+ 5V +5V 

>10k 



24 



23 



20 



_ Test Status Indication 



Fig. 10- Self-check pinout configuration. 
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MEMORY 

The CDP6805F2 has a total address space of 2048 bytes 
of memory and I/O registers. The address space is shown in 
Figure 1 1 . 

The first 128 bytes of memory (first half of page zero) is 
comprised of the I/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 



CDP6805F2 



The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer Is set to $7F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is in- 
cremented. A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or subroutine 
stacking purposes, the unused bytes are available for pro- 
gram data storage. 



Access 
Via 


' U 

127 

128 

255 


I/O Ports 
Timer 
RAM 


$0000 

1 

$007F 2 


Port A Data Register 


$0000 


Port 8 Data Register 


$0001 


Page 

Direct 
Addressing 


1111 


PortC 


$0002 


1079 Bytes 
User ROM 


$0080 3 

$OOFF ^ 
$0100 5 

6 

7 

8 

9 

$04B6 ^0 
$04B7 

$04FF 

$0500 63 
64 

$077F 

$0780 95 

.07F5 * 
$07F6 $07F7 
$07F8 $07F9 
$07FA $07FB 
$07FC $07FD 

$07FE $07FF 
127 


Unused * 


$0003 




Port A Data Direction Register 


$0004 


256 


Port B Data Direction Register 


$0005 




Unused* 


$0006 




Unused* 


$0007 




Timer Data Register 


$0008 




Timer Control Register 


$0009 


1206 


54 Bytes 
Unused* 


$000A 


1207 
1279 


73 Bytes 
Self-Check ROM 




1280 


640 Bytes 
Unused* 


$003F 


1919 


RAM 
(64 Bytes) 

^ ^ Stack (32 Bytes Max) 


$0040 


1920 
2037 


118 Bytes 
Self-Check ROM 


$005F 
$0060 




2038 
2047 


Timer Interrupt From Wait State Only 




User 


Timer Interrupt 




Defined J 
iterrupt ] 


External Interrupt 




/ectors 


SWI 






RESET 


$007F 













I 



* Reads of unused locations undefined 



F\g. 11 - Address map. 
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REGISTERS 



The CDP6805F2 contains five registers as shown in the 
programming model (Figure 12). The interrupt stacking order 
is shown in Figure 13. 

ACCUMULATOR (A) 

This accumulator is an 8-bit general purpose register used 
to hold operands and results of the arithmetic calculations 
and data manipulations. 

INDEX REGISTER (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides the 8-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the read- 
modify-write type of Instructions and as a temporary storage 
register when not performing addressing operations. 



PROGRAM COUNTER (PC) 

The program counter is an 1 1-bit register that contains the 
address of the next instruction to be executed by the pro- 
cessor. 

STACK POINTER (SP) 

The stack pointer is an 11 -bit register containing the ad- 
dress of the next free location on the stack. When accessing 
memory, the six most-significant bits are appended to the 
five least-significant register bits to produce an address 
within the range of $7F to $60. The stack area of RAM is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a "reset stack pointer" instruction, the 
stack pointer is set to its upper limit ($7F). Nested interrupts 
and/ or subroutines may use up to 32 (decimal) locations 
beyond which the stack pointer "wraps around" and points 
to its upper limit thereby losing the previously stored infor- 
mation, A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five bytes. 



7 

A 

7 

X 



10 



















PC 


10 






5 


4 



















1 


1 


SP 



Accumulator 



Index Register 



Program Counter 



Stack Pointer 



Condition Code Register 
■ Carry/ Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 



Increasing Memory 
Addresses 



Fig. 12 - Programming model. 



1 ^ Stack 

I 1 I 1 I Condition Code Register 



Accumulator 



Index Register 



PCH 



PCL 



N k 

T 
E 
R 
R 
U 
P 
T 



Decreasing Memory 
Addresses 



Unstack 



NOTE: Since the Stack Pointer decrements during pushes, the PCL Is 
stacked first, followed by PCH, etc. Pulling from the stack is in 
the reverse order. 

fig. 13 - Stacldng order. 
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The condition code* register is a 5-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 

HALF CARRY BIT (H) - The H bit is set to a "1" when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. The H bit is useful in binary coded 
decimal subroutines. 

INTERRUPT MASK BIT (1) - When the I bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I bit is set, the interrupt is latched and is 
processed when the I bit is next cleared. 

NEGATIVE (N) - Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical "1"). 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 



RESETS 

The CDP680 5F2 ha s two reset modes: an active low ex- 
ternal reset pin (RESET) and a power-on reset function; refer 
to Figure 5. 



RESET 

The RESET input pin is used to reset the MCU to provide 
an orderly software start- up proc edure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a 
minimum of one tR|_. The RESET pin is provided with a 
Schmitt Trigger input to improve its noise immunity. 

POWER-ON RESET 

The power-on reset occurs when a positive transition is 
detected on Vqd- The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 



CDP6805F2 

for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay fr om the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
time out, the processor remains in the reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

• Timer control register interrupt request bit (TCR7) is 
cleared to a "0". 

• Timer control register interrupt mask bit (TCR6) is set 
to a "1". 

• All data direction register bits are cleared to a "0". All 
ports are defined as inputs. 

• Stack pointer is set to $7F. 

• The internal address bus is forced to the reset vector 
($7FE, $7FF). 

• Condition code register interrupt mask bit (I) is set to a 
"1". 

• STOP and WAIT latches are reset. 

• External interrupt latch is reset. 

All other functions, such as other registers (including out- 
put ports), the timer, etc., are not cleared by the reset condi- 
tions. 



INTERRUPTS 

Systems often require that normal processing be inter- 
rupted so that some external event may be serviced. The 
CDP6805F2 may be interrupted by one of three different 
methods, either one of two maskable interrupts (external in- 
put or timer) or a non-maskable software interrupt (SWI). 

Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask set to prevent additional inter- 
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and return to normal processing. 
The stac king ord er is shown in Figure 13. 

Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external in- 
terrupt is serviced first. The SWI is executed as any other in- 
struction. Refer to Figure 14 for the interrupt and instruction 
processing sequence. 



I 
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TIMER INTERRUPT 

Each time the timer decrements to zero (transitions from 
$01 to $00), the timer interrupt request bit (TCR7) is set. The 
processor is interrupted only if the timer mask bit (TCR6) and 
interrupt mask bit (I bit) are both cleared. When the interrupt 
is recognized, the current state of the machine is pushed on- 
to the stack and the interrupt mask bit in the condition code 
register is set. This mask prevents further interrupts until the 
present one is serviced. The processor now vectors to the 



timer interrupt service routine. The address for this service 
routine is specified by the contents of $7F8 and $7F9 unless 
the processor is in a WAIT mode, in which case the contents 
of $7F6 and $7F7 specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit (TCR7). At the end of the timer interrupt service routine, 
the software normalJy executes an RTI instruction which 
restores th6 machine state and starts executing the inter- 
rupted program. 
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0-DDRs 
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Address Bus 
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Stack 
PC, X, A, CC 



1— i Bit 



Load PC From: 

SWI : 7FC/7F[> 

IRQ: 7FA/7FB 

TIMER: 7F8/7F9 

Timer Wait: 7F6/7F7 



Fig. 14 - RESET and INTERRUPT processing flowchart. 



488 



6805-Serie8 LSI Products 



EXTERNAL INTERRUPT 

Either level- and edge-sensitive or edge-sensitive only in- 
puts are available as mask options. If the interrupt mask bit 
of the condition code register is cleared and the external in- 
terrupt pin (TRU) is "low" or a negative edge has set the in- 
ternal interrupt flip-flop, then the external interrupt occurs. 
The action of the external interrupt is identical to the timer 
except that the service routine address is specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func- 
tional diagram and timing for the interrupt line. The timing 
diagram shows two different treatments of the interrupt line 
(IRQ) to the processor. The first method is single pulses on 
the interrupt line spaced far enough apart to be serviced. The 
minimum time between pulses is a function of the length of 
the interrupt service routine. Once a pulse occurs, the next 
pulse should not occur until the MPU software has exited the 
routine (an RTI occurs). This time (tjLll) is obtained by ad- 
ding 20 instruction cycles (tcyc) to the total number of cycles 
it takes to complete the service routine including the RTI in- 



CDP6805F2 

struction; refer to Figure 15. The second configuration 
shows many interrupt lines "wire ORed" to form the inter- 
rup ts at the processor. Thus, if after servicing an Interrupt 
the IRQ remains low, then the next interrupt is recognized. 

SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt mask in the condition code register. The service 
routine address is specified by the contents of memory loca- 
tions $7FC and $7FD. 

The following three functions are not strictly interrupts, 
however, the y are tie d very closely to the interrupts. These 
functions are RESET, STOP, and WAIT. 



RESET - The RESET input pin and the internal power-on 
reset function each cause the program to vector to an in- 
itialization program. This vector is specified by the contents 



(a) Interrupt Functional Diagram 



Level Sensitive 



Interrupt Pin 




External Reset 

External Interrupt 
Being Serviced 



(b) Interrupt Mode Diagram 



(1) 



IRQ 



-tiLIH 

1 tiLiL- 



u 



Edge Condition 
The mininnum pulse width (t||_iH) is one 
^cyc- The period t|LIL should not be less 
than the number of t^yc cycles it takes to 
execute the interrupt service routine plus 
20 tcyc cycles. 



I 



(2) IRQ (MPU) 



IRQ1 



tLIH- 



Mask Optional Level Sensitive 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized. 



IRQn 



Fig. 15 - External interrupt 
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of memory locations $7FE and $7FF. The interrupt mask of 
the condition code register is also set. See preceding section 
on Reset for details. 

STOP - The STOP instruction places the CDP6806F2 in 
its lowest power consumption mode. In the STOP function, 
the internal oscillator is turned off causing all internal pro- 
cessing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCP) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timing interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. The processor can on ly be br ought out 
of the STOP mode by an external IRQ or RESET. 



( Stop j 



Stop Oscillator 
And All Clocks 

TCR Bit 7-0 
Bit 6—1 

Clear I Mask 




Turn on Oscillator 
Wait for Time 
Delay to Stabilize 



Fetch External 
Interrupt or 
Reset Vector 



Fig. 16 - Stop function flowchart. 



WAIT - The WAIT instruction places thei CDP6805F2 in 
a low-power consumption mode, but the WAIT mode con- 
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the internal clock is disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
internal processing is halted, however, the timer continues 
to count normally. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex- 
ternal and a timer interrupt occur at the same time, the exter- 
nal interrupt is serviced first; then, if the timer interrupt re- 
quest is not cleared in the external interrupt routine, the nor- 
mal timer interrupt (not the timer WAIT interrupt) is serviced 
since the MOD is no longer in the WAIT mode. 

TIMER 

The MCU timer contains an 8-bit software programmable 
counter with a 7-bit software selectable prescaler. Figure 18 
contains a block diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re- 
quest bit (i.e., bit 7 of the timer control register (TOR)) is set. 
Then, if the timer interrupt is not masked (i.e., bit 6 of the 
TCR and the I bit in the condition code register are both 
cleared) the processor receives an interrupt. After comple- 
tion of the current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 if in the WAIT mode) in order to begin servic- 
ing. 

The counter continues to count after it reaches zero allow- 
ing the software to determine the number of internal or ex- 
ternal input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
become stable, prior to the read portion of a cycle, and do 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit in a non-interrupt mode of 
operation (TCR6=1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output within the range of -•- 1 to -^ 128 which is uSed as the 
counter input. The processor cannot write into or read from 
the prescaler, however, its contents are cleared to all "Os" by 
the write operation into TCR when bit 3 of the written data 
equals one. This allows for truncation-free counting. 

The timer Input can be configured for three different 
operating modes plus a disable mode depending on the value 
written to the TCR4 and TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 

If TCR5 and TCR4 are both programmed to a "0", the in- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
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I Wait 1 



Oscillator Active 

Clear I- Bit 

Timer Clock Active 

All Other Clocks 

Stop 




Restart 
Processor Clocks 



Fetch External 

Interrupt, Reset, 

or Timer Interrupt 

Vector <from Wait 

Mode only) 



Yes 



Fig. 17- WAIT function flowctiart. 



I 



periodic interrupt generation as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 



TIMER INPUT MODE 2 

With TCR5=0 and TCR4=1, the internal clock and the 
TIMER Input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer Input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count in this mode is ± one internal clock and therefore, ac- 
curacy improves with longer input pulse widths. 



TIMER INPUT MODE 3 

If TCR5= 1 and TCR4 = 0, all inputs to the timer are dis- 
abled. 

TIMER INPUT MODE 4 

If TCR5= 1 and TCR4= 1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. The counter is clocked on the falling 
edge of the external signal. 

Figure 18 shows a block diagram of the timer subsystem. 
Power-on reset and the STOP instruction invalidate the con- 
tents of the counter. 
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Fig. 18- Programmable timer/counter block diagram. 



TIMER CONTROL REGISTER (TCR) 

7 6 5 4 3 2 



TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 



All bits in this register except bit 3 are read/write bits. 

TCR7 - Timer inteirupt request bit: bit gsed to indicate 
the timer interrupt when it is logic "1". 
1 — Set whenever the counter decrements to zero or 
under program cont rol. 

- Cleared on external ^ESET, power-on reset, STOP 

instruction, or program control. 

TCR6 — Timer interrupt mask bit: when this bit is a logic 
"1", it inhibits the timer interrup t to the processor. 

1 - Set on external RESEt, power-on reset, STOP in- 

struction, or program control. 

— Cleared under program control. 

TCR5 - External or internal bit: selects the input clock 
source to be either t he exte rnal timer pin or the internal 
clock. (Unaffected by RESET.) 

1 — Select external clock source. 

^ Select internal clock source. 

TCR4 — External enable bit: contr ol bit us ed to enable the 
external TIMER pin. (Unaffected by rtESET.) 

1 - Enable external TIMER pin. 
- Disable external TIMER pin. 



TCR5 


TCR4 










Internal Clock to Timer 





1 


AND of Intemal Clock and TIMER 
Pin to Timer 


1 
1 




1 


Inputs to Timer Disabled 
TIMER Pin to Timer 



TCR3 — Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read o f this location always in- 
dicates "0". (Unaffected by RESET.) 

TCR2, TCRl, TCRO - Prescaler select bits: decoded to 
select o ne of eight outputs on the prescaler. (Unaffected by 
RESET.) 

Prescaler 



TCR2 


TCRl 


TCRO 


Result 











-^1 








1 


+ 2 





1 





+ 4 





1 


1 


•^8 


1 








^m 


1 





1 


-^32 


1 


1 





-^64 


1 


1 


1 


H-128 



INSTRUCTION SET 

The MCU has a set of 61 basic instructions. They can be 
divided into five different types: register/ memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. All the in- 
structions within a given type are presented in individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One 
operand is either the accumulator or the Index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) Instructions is the pro- 
gram counter. Refer to Table 4. 
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READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero (TST) instruction is an exception to the read-modify- 
write sequence since it does not modify the value. Refer to 
Table 5. 

BRANCH INSTRUCTIONS 

Most branch instructions test the state of the condition 
code register and, if certain criteria ar^ met, a branch is ex- 
ecuted. This adds an offset between - 127 and -»- 128 to the 
current program counter. Refer to Table 6. 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func- 
tions are Implemented with a single Instruction. For the test 
and branch instructions, the value of the bit tested is also 
placed in the carry bit of the condition code register. Refer to 
Table 7. 

CONTROL INSTRUCTIONS 

These instructions are register reference Instructions and 
are used to control processor operation during program ex- 
ecution. Refer to Table 8. 

OPCODE MAP 

Table 9 is an opcode map for the instructions used on the 
MCU. 

ALPHABETICAL LISTING 

The complete instruction set is given in alphabetical order 
in Table 10. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to provide 
the programmer with an opportunity to optimize the code to 
all situations. The various indexed addressing modes make It 
possible to locate data tables, code conversion tables, and 
scaling tables anywhere In the memory space. Short indexed 
accesses are single-byte instructions while the longest In- 
structions (three bytes) permit tables throughout memory. 
Short and long absolute addressing is also included. Two- 
byte direct addressing instructions access all data bytes In 
most applications. Extended addressing permits jump in- 
structions to reach all memory. Table 10 shows the address- 
ing modes for each instruction with the effects each Instruc- 
tion has on the condition code register. An opcode map is 
shown in Table 9. 

The term "Effective Address" (EA) is defined as the byte 
address to or from which the argument for an instruction Is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 
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"contents of," an arrow indicates "is replaced by," and a 
colon Indicates "concatenation of two bytes." 



INHERENT 

In inherent instructions, all the information necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index registers or accumulator and 
no other arguments are included in this mode. 

IMMEDIATE 

In immediate addressing, the operand is contained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution (e.g., a constant used to initialize a loop 
counter). 

EA=PC-h1; PC-^PC-h2 

DIRECT 

In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two-byte In- 
struction. This includes all on-chip RAM and I/O registers 
and 128 bytes of on-chip ROM. Direct addressing Is efficient 
In both memory and time. 

EA=(PC-I-1); PC-f PC-h2 
Address Bus High-^0; Address Bus Low— (PC-i-1) 

EXTENDED 

In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte Instruction. When using the CDP6805 
assembler, the user need not specify whether an instruction 
uses direct or extended addressing. The assembler 
automatically selects the most efficient addressing mode. 

EA=(PC-h1):(PC-f-2); PC-^PC + 3 
Address Bus High-^(PC-i- 1); Address Bus Low-.-(PC + 2) 

INDEXED, NO-OFFSET 

In the indexed, no-offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 
EA=X; PC-^PC-Hl 
Address Bus High-^0; Address Bus Low-*-X 

INDEXED, 8-BIT OFFSET 

Here the EA Is obtained by adding the contents of the byte 
following the opcode to that of the Index register, therefore, 
the operand is located anywhere within the lowest 511 
memory locations. For example, this mode of addressing Is 
useful for selecting the mth element In an n element table. All 
instructions are two bytes. The content of the index register 
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(X) is not changed. The content of (PC-f 1) is an unsigned 
8-bit integer. One-byte offset indexing permits look-up tables 
to be easily accessed in either RAM or ROM. 
EA = X-H(PC-h1); PC*- PC -1-2 
Address Bus High^K; Address Bus Low— X + (PC+1) 
where K = The carry fronn the addition of X-i- (PC-f 1) 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the effec- 
tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset, except that this three-byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). As with direct and extended, the assembler 
determines the most efficient form of indexed offset — 8 
or 16 bit. The content of the index register is not 
changed. 

EA=X-f-[(PC-»-1):(PC-h2)l; PC — PC-h3 
Address Bus High — (PC-i- 1)+ K; 
Address Bus Low— X-i-(PC-h2) 
where K = The carry from the addition of X -I- (PC -f 2) 

RELATIVE 

Relative addressing is only used in branch instructions. In 
relative addressing, the contents of the 8-bit signed byte 
following the opcode (the offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 
is limited to the range of -126 to -f-129 bytes from the 
branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 



EA= PC-I-2+ (PC-i- 1); PC — EA if branch taken; 
othenA/ise, PC— PC + 2 

BIT SET/CLEAR 

Direct addressing and bit addressing are combined in In- 
structions which set and clear individual memory and I/O 
bits, in the bit set and clear instructions, the byte is sp^ified 
as a direct address in the location following the opcode. The 
first 128 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes: 
one for the opcode (including the bit number) and the sec- 
ond for addressing the byte which contains the bit of in- 
terest. 

EA=(PC+1); PC— PC + 2 
Address Bus High— 0; Address Bus Low— (PC+1) 

BIT TEST AND BRANCH 

Bit test and branch is a combination of direct addressing, 
bit addressing, and relative addressing. The bit address and 
condition (set or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im- 
mediately following the opcode byte (EA1). The signed 
relative 8-bit offset is In the third byte (EA2) and is added to 
the PC if the specified bit is set or cleared in the specified 
memory location. This single three-byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 

EA1 = (PC-»-1) 

Address Bus High— 0; Address Bus Low— (PC+1) 

EA2=PC-i-3-h(PC-H2); PC— EA2 if branch taken; 

otherwise, PC— PC-h3 



494 











TABLE 4 - 


REGISTER/ MEMORY INSTRUCTIONS 




















Addressing Modes 


r. 


Immediate 


Direct 


Extended 

. — ,_ .._ , 


Indexed 
(No Offset) 


Indexed 
18-Bit Offset) 


Indexed 
(16"Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


1 

Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


^ 


F6 




3 


E6 


2 


4 


D6 


3 


5 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 




3 


EE 


2 


4 


DE 


3 


5 


Store A m Memory 


STA 


- 


- 


- 


B7 


2 


4 


C7 


3 


5 


F7 




4 


E7 


2 


5 


D7 


3 


6 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


4 


CF 


3 


5 


FF 




4 


EF 


2 


5 


OF 


3 


6 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 




3 


EB 


2 


4 


DB 


3 


5 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 




3 


E9 


2 


4 


09 


3 


5 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 




3 


EO 


2 


4 


DO 


3 


5 


Subtract Memory from 
A witfi Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 




3 


E2 


2 


4 


02 


3 


5 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 




3 


E4 


2 


4 


04 


3 


5 


OR Memory with A 


OR A 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 




3 


EA 


2 


4 


DA 


3 


5 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


BB 


2 


3 


C8 


3 


4 


FB 




3 


E8 


2 


4 


08 


3 


5 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


Fl 




3 


El 


2 


4 


01 


3 


5 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 




3 


E3 


2 


4 


03 


3 


5 


Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 




3 


E5 


2 


4 


05 


3 


5 


Jump Unconditional 


JMP 




— 


_ 


BC 


2 


2 


CC 


3 


3 


FC 




2 


EC 


2 


3 


DC 


3 


4 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


5 


CD 


3 


6 


FD 




5 


ED 


2 


6 


DO 


3 


7 



CO 







TABLE 5 - 


READ-MODIFY-WRITE INSTRUCTIONS 


















Addressing Modes | 




Inherent (A) 


Inherent (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


Cycles 


Op 
Code 


Bytes 


# 
Cycles 


Op 
Code 


Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 


1 


3 


5C 




3 


3C 


2 


5 


7C 




5 


6C 


2 


6 


Decrement 


DEC 


4A 


1 


3 


5A 




3 


3A 


2 


5 


7A 




5 


6A 


2 


6 


Clear 


CLR 


4F 


1 


3 


5F 




3 


3F 


2 


5 


7F 




5 


6F 


2 


6 


Complement 


COM 


43 


1 


3 


53 




3 


33 


2 


5 


73 




5 


63 


2 


6 


Negate 
(2's Complement) 


NEC 


40 


1 


3 


50 




3 


30 


2 


5 


70 




5 


60 


2 


6 


Rotate Left Thru Carry 


ROL 


49 


1 


3 


59 




3 


39 


2 


5 


79 




5 


69 


2 


6 


Rotate Right Thru 
Carry 


ROR 


46 


1 


3 


56 




3 


36 


2 


5 


76 




5 


66 


2 


6 


Logical Shift Left 


LSL 


48 


1 


3 


58 




3 


38 


2 


5 


78 




5 


68 


2 


6 


Logical Shift Right 


LSR 


44 


1 


3 


54 




3 


34 


2 


5 


74 




5 


64 


2 


6 


Arithmetic Shift Right 


ASR 


47 


1 


3 


57 




3 


37 


2 


5 


77 




5 


67 


2 


6 


Test for Negative 
or Zero 


TST 


4D 


1 


3 


5D 




3 


3D 


2 


4 


7D 




4 


60 


2 


5 



o 

o 

■u 
o> 

00 

o 

01 

■n 

lO 
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TABLE 6 - BRANCH INSTRUCTIONS 







Relative 


Addressing Mode | 


Function 


Mnemonic 


Op 
Code 


1 

Bytes 


1 

Cycles 


Branch Always 


BRA 


20 


2 


3 


Branch Never 


BRN 


21 


2 


3 


Branch IFF Higher 


BHI 


22 


2 


3 


Branch IFF Lower or Same 


BLS 


23 


2 


3 


Branch IFF Carry Clear 


BCC 


24 


2 


3 


(Branch IFF Higher or Same) 


(BHS) 


24 


2 


3 


Branch IFF Carry Set 


BCS 


25 


2 


3 


(Branch IFF Lower) 


(BLO) 


25 


2 


3 


Branch IFF Not Equal 


BNE 


26 


2 


3 


Branch IFF Equal 


BEQ 


27 


2 


3 


Branch IFF Half Carry Clear 


BHCC 


28 


2 


3 


Branch IFF Half Carry Set 


BHCS 


29 


2 


3 


Branch IFF Plus 


BPL 


2A 


2 


3 


Branch IFF Minus 


BMI 


2B . 


2 


3 


Branch IFF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


3 


Branch IFF Interrupt Mask Bit is Set 


BMS 


2D 


2 


3 


Branch IFF Interrupt Line is Low 


BIL 


2E 


2 


3 


Branch IFF Interrupt Line is High 


BIH 


2F 


2 


3 


Branch to Subroutine 


BSR 


AD 


2 


6 



TABLE 7 - BIT MANIPULATION INSTRUCTIONS 







Addressing Modes 


Function 


Mnemonic 


Bit Set/ Clear 


Bit Test and Branch 


Op 
Code 


Bytes 


# • 
Cycles 


Op 
Code 


# 
Bytes 


1 
Cycles 


Branch IFF Bit n is Set 


BRSETn (n-0...7) 


- 


- 


-• 


2«n 


3 


5 


Branch IFF Bit n is Clear 


BRCLR n (n = 0,..7) 


- 


_- 


_ 


01 + 2«n 


3 


5 


Set Bit n 


BSETn (n = 0,,.7) 


10 + 2«n 


2 


5 


- 


_ 


- 


Clear Bit n 


BCLR n (n-0,,.7) 


11 + 2«n 


2 


5 


- 


_ 


- 



TABLE 8 - CONTROL INSTRUCTIONS 







Inherent 


Function 


Mnemonic 


Op 
Code 


# 

Bytes 


# 

Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




10 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


90 




2 


Stop 


STOP 


8E 




2 


Wait 


WAIT 


8F 




2 
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TABLE 9~ INSTRUCTION SET OPCODE MAP 







Branch 


Read-Modify-Write 


Control 


Registar/Mwnorv 




STB 


BSC 


REL 


DIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


■¥ 


t>^ 


0000 


V 
0001 


2 

0010 


3 

0011 


4 

0100 


S 

0101 


6 

0110 


7 
0111 


8 

1000 


9 

1001 


1010 


B 

1011 


C 
1100 


D 
1101 


E 
1110 


1111 


5--ti7 



0000 


BRSETO 

3 BTB 

■a p 


5 
BSETO 
2 BSC 


3 
BRA 
2 REL 


5 
NEG 
2 DIR 


3 
NEG 

1 INH 


3 
NEG 

1 INH 


6 
NEG 

2 1X1 


NEG 

1 IX 


9 
RTI 

1 INH 




2 
SUB 

2 IMM 


3 

SUB 

2 DIR 


4 

SUB 

3 EXT 


SUB 

3 1X2 


4 

SUB 

2 1X1 


3 

SUB 

1 IX- 





1 

0001 


BRCLRO 
3 BTB 


^^5 
BCLRO 
2 BSC 


3 
BRN 
2 REL 












6 
RTS 

1 INH 




2 

CMP 

2 IMM 


3 
CMP 

2 DIR 


CMP 
3 EXT 


CMP 
3 1X2 


4 

CMP 

2 1X1 


3 
CMP 

1 IX 


1 

0001 


2 

0010 


BRSET1 
3 BTB 


5 
BSETl 
2 BSC 


3 
BHI 
2 REL 
















2 

SBC 

2 IMM 


3 
SBC 
2 DIR 


4 

SBC 

3 EXT 


5 

SBC 

3 1X2 


4 

SBC 

2 1X1 


3 

SBC 

1 IX 


2 

0010 


3 

0011 


BRCLRl 
3 BTB 


5 
BCLRl 
2 BSC 


3 

BLS 

2 REL 


COM 

2 DIR 


COMA 

1 INH 


3 
COMX 

1 INH 


6 

COM 

2 1X1 


COM 

1 iX 


10 

SWI 

1 INH 




CPX 

2 IMM 


3 
CPX 
2 DIR 


4 

CPX 

3 EXT 


CPX 

3 1X2 


4 

CPX 

2 1X1 


3 
CPX 
1 IX 


3 

0011 


4 
0100 


5 
BRSET2 
3 BTB 


BSET2 
2 BSC 


3 
8CC 

2 REL 


5 
LSR 
2 DTR 


3 
LSRA 

1 INH 


3 

LSRX 

1 INH 


6 
LSR 

2 1X1 


5 
LSR 

1 IX 






.2 
AND 
2 IMM 


3 
AND 
2 DIR 


4 

AND 
3 EXT 


5 
AND 
3 1X2 


4 
AND 
2 1X1 


3 
AND 

1 IX 


4 
0100 


5 

0101 


BRCLR2 
3 BTB 


5 

BCLR2 

2 BSC 


3 

BCS 

2 REL 
















BIT 

2 IMM 


BIT 
2 DIR 


4 

BIT 
3 EXT 


5 

BIT 

3 1X2 
A* 


4 

BIT 

2 1X1 


3 
BIT 

1 IX 


5 
0101 


6 

0110 


6 
BRSET3 
3 BTB 


5 
BSET3 
2 BSC 


3 
BNE 
2 REL 


5 
ROR 

2 DIR 


3 
RORA 

1 INH 


RORX 

1 INH 


6 
ROR 

2 1X1 


ROR 

1 IX 






LDA 

2 IMM 


LDA 

2 DIR 


LDA 

3 EXT 


LDA 
3 1X2 


LDA 

2 1X1 


3 
LDA 
1 IX 


6 

0110 


7 
0111 


BRCLR3 
3 BTB 


5 
BCLR3 
2 BSC 


3 
BEQ 

2 REL 


5 
ASR 

2 DIR 


3 
ASRA 

1 INH 


3 
ASRX 

1 INH 


6 
ASR 

2 1X1 


5 
ASR 

1 IX 




2 
TAX 
1 INH 




4 

STA 

2 DIR 


6 

STA 
3 EXT 


STA 
3 1X2 


6 
STA 

2 1X1 


4 

STA 

1 IX 


7 
QUI 


8 

1000 


5 
BRSET4 
3 BTB 


5 
BSET4 
2 BSC 


BHCC 
2 REL 


LSL 
2 DIR 


LSLA 

1 INH 


3 
LSLX 

1 INH 


6 
LSL 

2 1X1 


5 

LSb 

1 IX 




2 
CLC 

1 INH 


2 
EOR 

2 IMM 


3 
EOR 
2 DIR 


4 
EOR 

3 EXT 


5 
EOR 

3 1X2 


4 

EOR 

2 1X1 


3 

EOR 

1 IX 


B 

1000 


9 

1001 


5 
BRCLR4 
3 BTB 


BCLR4 
2 BSC 


3 
BHCS 
2 REL 


ROL 

2 DIR 


ROLA 

1 INH 


ROLX 

1 INH 


6 

ROL 

2 1X1 


5 

ROL 

1 IX 




2 

SEC 

1 INH 


2 
ADC 
2 IMM 


3 
ADC 
2 DIR 


4 

ADC 
3 EXT 


6 
ADC 
3 1X2 


4 

ADC 

2 1X1 


3 
ADC 

1 IX 


9 

1001 


A 
1010 


5 
BRSET5 
3 BTB 


BSET5 
2 BSC 


3 
BPL 
2 REL 


5 

DEC 

2 DIR 


3 
DECA 

1 INH 


3 
DECX 

1 INH 


6 
DEC 

2 1X1 


5 
DEC 

1 IX 




2 
CLt 

1 INH 


5 
ORA 

2 IMM 


3 
ORA 
2 DIR 


4 
ORA 

3 EXT 


5 
ORA 
3 1X2 


ORA 

2 1X1 


3 
ORA 
1 IX 


A 
1010 


B 

1011 


5 

BRCLR5 

3 BTB 


5 
BCLR5 


BMI 
2 REL 














2 

SEI 

1 INH 


i 

ADD 

2 IMM 


3 
ADD 
2 DIR 


4 
ADD 

3 EXT 


5 
ADD 

3 1X2 


4 
ADD 
2 1X1 


3 
ADD 
1 IX 


B 

1011 


c 

1100 


5 
BRSET6 
3 BTB 


BSET6 
2 BSC 


3 
BMC 

2 REL 


5 
INC 
2 DIR 


INCA 

1 INH 


INCX 

1 INH 


6 
INC 

2 1X1 


5 
INC 

1 IX 




2 

RSP 

1 INH 




2 
JMP 
2 DIR 


3 
JMP 
3 EXT 


4 
JMP 
3 1X2 


3 
JMP 

2 1X1 


5 
JMP 

1 IX 


C 

1100 


D 

1101 


5 
BRCLR6 
3 BTB 


I 
BCLR6 

2 BSC 


3 
BMS 

2 REL 


4 
TST 
2 DIR 


3 

TSTA 

1 INH 


3 
TSTX 
1 INH 


5 
TST 
2 1X1 


4 

TST 

1 IX 




NOP 

1 INH 


6 
BSR 

2 REL 


6 
JSR 
2 DIR 


6 
JSR 
3 EXT 


■ ■ J 

JSR 
3 1X2 


JSR 

2 1X1 


5 
JSR 

1 IX 


D 

1101 


E 

nip 


5 
BRSET7 
3 BTB 


BSET7 
2 BSC 


3 
BIL 
2 REL 












2 

STOP 

1 INH 




LDX 

2 IMM 


3 
LDX 
2 DIR 


4 
LDX 
3 EXT 


5 
LDX 
3 1X2 


4 
LDX 
2 1X1 


3 
LDX 

1 IX 


E 
1110 


F 

1111 


5 
BRCLR7 
3 BTB 


5 
BCLR7 
2 BSC 


3 
BIH 
2 REL 


5 
CLR 
2 DJR 


CLRA 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 1X1 


5 

CLR 

1 IX 


WAIT 

1 INH 


2 
TXA 

1 INH 




4 
STX 
2 DIR 


- 5 

STX 
3 EXT 


6 
STX 
3 1X2 


5 
STX 

2 1X1 


4 
STX 

1 IX 


F 
1111 



AbbraviMions for AddiMS Mcxies 



LEGEND 



CO 
•-4 



INH 


Inherent 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed, t Byte (8-Bit) Offset 


1X2 


Indexed. 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



o 
o 

w 

lO 
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TABLE 10 - INSTRUCTION SET 



Mnemonic 


Addressing Modes 


Condition Codes | 


Inherent 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 

Set/ 


Bit 

Teste 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


X 






A 


• 


A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A" 


AND 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


ASL 


X 




X 






X 


X 










• 


A 


A 


A 


ASR 


X 




X 






X 


X 










• 


A 


A 


A „. 


BCC 










X 














• 


• 


• 


• 


BCLR 


















X 






• 


• 


• 


• 


BCS 










X 














• 


• 


¥ 


1- 


BEQ 










X 














• 


• 


• 


• 


BHCC 










X 














• 


• 


• 


• 


BHCS^ 










X 














• 


• 


• 


• 


BHI 










X 














• 


• 


• 


• 


BHS 










X 














• 


• 


• 


• 


BIH 










X 














• 


• 


«" 


* 


BIL 










X 














• 


• 


• 


• 


BIT 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


BLO 










X 














• 


• 


• 


• 


BLS 










X 














• 


• 


• 


• 


BMC 










X 














• 


• 


• 


• 


BMI 










X 














• 


• 


• 


• 


BMS 










X 














• 


• 


• 


• 


BNE 










X 














« 


4 




* 


BPL 










X 














• 


• 


• 


• 


BRA 










X 














• 


• 


• 


• 


BRN 










X 














• 


• 


• 


• 


BRCLR 




















X 




• 


• 


« 


A 


BRSET 




















X 




• 


• 


• 


A 


BSET 


















X 






• 


• 


• 


• 


BSR 










X 














• 


• 


• 


4 


CLC 


X 






















• 


• 


• 





CLI 


X 

























• 


• 


• 


CLR 


X 




X 






X 


X 










• 





1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 






• 


• 


A 


A 


A 


DEC 


X 




X 






X 


X 






' 




• 


A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


INC 


X 




X 






X 


X 










• 


A 


A 


• 


JMP 






X 


X 




X 


X 


X 






• 


• 


• 


• 


• 


JSR 






X 


X 




X 


X 


X 








• 


• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 








« 


A 


A 


« 


LSI 


X 




X 






X 


X 










• 


A 


A 


A 


LSR 


X 




X 






X 


X 










• 





A 


A 


NEG 


X 




X 






X 


X 








• 


• 


A 


A 


A 


NOP 


X 






















* 


* 


4 


4 


ORA 




X 


X 


X 




X 


X 


X 








« 


A 


A 


4 


ROL 


X 




X 






X 


X 








4 


• 


A 


A 


A 


ROR 


X 




X 






X 


X 










• 


A 


A 


A 


RSP 


X 






















• 


• 


• 


• 


RTI 


X 






















? 


? 


? 


? 


RTS 


X 






















• 


• 


• 


• 


SBC 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SEC 


X 






















• 


• 


• 


1 


SEI 


X 






















1 


• 


• 


• 


STA 






X 


X 




X 


X 


X 








• 


A 


A 


• 


STOP 


X 

























• 


• 


• 


STX 






X 


X 




X 


X 


X 








• 


A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SWI 


X 






















1 


• 


• 


4 


TAX 


X 






















• 


• 


§ 


• "" 


TST 


X 




X 






X 


X 










• 


A 


A 


• 


TXA 


X 






















• 


• 


• 


• 


WAIT 


X 

























• 


4 


* 



Condition Code Symbols 

H Half Carry (From Bit 3) 

I Interrupt Mask 

N Negative (Sign Bit) 

Z Zero 

C Carry/ Borrow 



A Test and Set if True. Cleared Otherwise. 

• Not Affected 

? Load CC Register From Stack 

Cleared 

1 Set 
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6805-Series LSI Products 



To minimize power consumption, all unused ROM locations 
should contain zeros. 

MASTER-DEVICE METHOD 

EPROM— A 2716 EPROM, programmed with the customer 
program (positive logic sense for address and data), may be 
submitted for pattern generation. Fill out Customer Informa- 
tion of ROM Information Sheet. Note that the first 128 



CDP6805F2 

(0000-007F) bytes of the EPROM correspond to the 
CDP6805F2 internal RAM and I/O ports and will be ignored 
when generating ROM masks. The 831 unused and self- 
check bytes (04B7-07F5) will also be ignored when gen- 
erating ROM masks. The EPROM should be placed in a 
conductive 10 carrier and securely packed. Do not use 
styrofoam. 




XXX= Customer ID 
Fig. 1a- EPROM marking. 



ROM INFORMATION SHEET 



OPTION LIST 



Select the options for your MCU from the following list. A manufacturing mask will be generated from this information. 
Select one in each section. 



Internal Oscillator Input 
D Crystal 
D Resistor 

Internal Divide 
D H-2 

Interrupt 

D Edge-Sensitive 

D Level- and Edge-Sensitive 

VECTOR LIST 

Timer Interrupt from Wait State Only _ 



Column 28 of Option Card 
OorN 
1 orP 

Column 29 of Option Card 
OorN 
1 orP 

Column 30 of Option Card 
OorN 
1 orP 



Timer Interrupt . 



External Interrupt _ 



SWI. 



RESET - 



CUSTOMER INFORMATION 

Customer Name 



Address . 



City- 



-state- 



. Zip- 



Phone ( 



)- 



-Extension- 



Contact Ms./Mr._ 



Customer Part No. 



PATTERN MEDIA 

D 6806F2 
d EPROM 
D Card Deck 
d Other* 

'Other media require factory approval. 

Signature 

Title 



I 
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DATA PROGRAMMING INSTRUCTIONS 



When a customer submits instructions for programming 
RCA custom ROM s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
Sheet together with the programming I nstmctions. Programming 
instructions may be submitted in any one of three ways, as 
follows: 

1. Computer-Card Deck— use standard 80-column com- 
puter punch cards. 

2. Floppy Diskette— diskette information must be gen- 
erated on an RCA CDP1800-serles microprocessor 
development system. 

TITLE 



3. Master Device— a ROM. PROM, EPROM, orCDP6805F2 
that contains the required programming information. 

The requirements for each method are explained in detail In 
the following paragraphs: 

COMPUTER-CARD METHOD 

Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data* 
format card, and data cards. Punch the cards as specified In 
the following charts: 

CARD 



Column No. 


Data 


1 


Punch T 


2-6 


leave blank 


6-30 


Customer Name (start at 6) 


31-34 


leave blank 


35-54 


Customer Address or Division (start at 35). 


56-58 


leave blank 


59-63 


RCA custom selection number (6 digits) (Obtained from RCA Sales Office) 


64 


leave blank 


66-71 


RCA device type, without CDP68 prefix, e.g. 05F2 


72 


Punch an opening parenthesis ( 


73 


Punch 8 


74 


Punch a closing parenthesis ) 


76-78 


leave blank 


79-80 


Punch a 2-digit decimal number to indicate the deck number; 


, 


the first deck should be numbered 01 



OPTION CARD 



Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. 


Data 


1-6 


Punch the word OPTION 


7 


leave blank 


8-17 


RCA device type, Including CDP68 prefix, e.g. CDP6806F2 


18-27 


leave blank 


28-30 


Punch P or N per ROM Information Sheet 


31-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in 




columns 79-80 of the title card) 



DATA-FORMAT CARD 



The data-format card specifies the form in which the data is to be entered into ROM. 



Column No. 



Data 



1-11 

12 

13-15 

16 

17-19 

20-78 

79-80 



Punch the words DATA FORMAT 

leave blank 

Punch the letters HEX 

leave blank 

Punch POS 

leave blank 

Punch the deck number (the 2-diglt number In 

columns 79-80 of the title card) 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 
DATA CARDS 



The data cards contain the hexadecimal data to be programmed into the ROM device. 


1 


Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


Column No. 


Data 




Column No. 


Data 


1-4 


Punch the starting address 


26-27 


2 hex digits of 9th WORD 




in hexadecimal for the 




28-29 


2 hex digits of 10th WORD 




following data.* 




30 


Blank 


5 


Blank 




31-32 


2 hex digits of 11th WORD 


6-7 


2 hex digits of 1st WORD 




33-34 


2 hex digits of 12th WORD 


8-9 


2 hex digits of 2nd WORD 




35 


Blank 


10 


Blank 




36-37 


2 hex digits of 13th WORD 


11-12 


2 hex digits of 3rd WORD 




38-39 


2 hex digits of 14th WORD 


13-14 


2 hex digits of 4th WORD 




40 


Blank 


15 


Blank 




41-42 


2 hex digits of 15th WORD 


16-17 


2 hex digits of 5th WORD 




43-44 


2 hex digits of 16th WORD 


18-19 


2 hex digits of 6th WORD 




45 


Semicolon, blank if last card 


20 


Blank 








21-22 


2 hex digits of 7th WORD 




46-78 


Blank 


23-24 


2 hex digits of 8th WORD 




79-80 


Punch 2 decimal digits 


25 


Blank 






as in title card 



•The address block must start at 0080 and run through 04B6. Column 4 must be zero. One additional card starting at 07F0 Is required to 
specify vectors. Note that as the sample program card shows, both the 0480 and 07F0 card must contain 1 6 data words. Zeros are used to fill 
unused locations 04B7-04BF and 07F0-07FS. 

OPTION DATA CARD 



12 3 4 5 6 7 8 91011 121314 15 1617 1819 20 2122 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 404142 43 44 45 464748 49 50 51 52 S3 54 5556 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 i8o| 


T RCA E 


X 


A 


M 


P 


L. 


E 






































n 


C 


A 




= 


s 







a 


M 
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RCA CMOS LSI Products 



CDP6805F2 



COP680S FAMrLY 





CDP6805E2 ^^•"•We Now CDP6805Q2 


Technology 


CMOS 


CMOS 


Number of Pins 


40 


40 


On-Chjp RAM (Bytes) 


112 


112 


On-Chip User ROM (Bytes) 


None 


2K 


External Bus 


Yes 


None 


Bidirectional I/O Lines 


16 


32 


Unidirectional I/O Lines 


None 


None 


Other I/O Features 


Timer 


Timer 


EPROM Version 


None 


None 


STOP and WAIT 


Yes 


Yes 





CDP6805F2 


Technology 


CMOS 


Number of Pins 


28 


On-ChIp RAM (Bytes) 


64 


On-Chip User ROM (Bytes) 


IK 


External Bus 


None 


Bidirectional I/O Lines 


20 


Unidirectional I/O Lines 


None 


Other I/O Lines 


Timer 


EPROM Version 


None 


STOP and WAIT 


Yes 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525. "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vdd ~ Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vcc nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss, whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Voo, Vcc, or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 



ORDERING INFORMATION 

RCA Microprocessor device packages are identified by 
letters indicated in the following chart. When ordering a 
Microprocessor device, it is important that the appro- 
priate suffix letter be affixed to the type number of the 
device. 

Paclcage Suffix Letter 

Dual-in-Llne Side Brazed Ceramic D 

Dual-in-Line Plastic E 

For example, a CDP6805F2 in a dual-in-line plastic 
package will be identified as the CDP6805F2E. 
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RESET — 


1 40 


— Voo 


•m — 


2 39 


— OSCI 


NUM 


3 38 


— 0SC2 


PA7 


4 37 


— TIMER 


PA6 


5 36 


— PD7 


PAS 


6 35 


— P06 


PA4 


7 34 


— P05 


PA3> 


8 33 


— PD4 


PA2 


9 32 


— PD3 


PAI 


10 31 


— PD2 


PAO 


M 30 


— PD1 


PBO 


12 29 


— POO 


PB1 


13 28 


— PCD 


PB2 


14 27 


— PCI 


PB3 


IS 26 


— PC2 


PB4 


16 25 


— PC3 


PBS 


17 24 


— PC4 


PB6 


18 23 


— PCS 


PB7 


19 22 


PC6 


vss — 


20 21 


— PC7 

4 




92CS-J49 


TOP VIEW 


TERMINAL ASSIGNMENTS 



Objective Data 



CDP6805G2 



CMOS High-PerformaiTce Silicon-Gate 
8-Bit Microcomputer 



Features: 

■ Typical full speed operating power 

0f15mWat5V 

■ Typical WA I T mode po wer of4rhW 

■ Typical S TOP mode power of 25 fjA 

■ Fully static operation 

■ 112 bytes of on-chip RA M 

■ 2 7 06 bytes of on-chip ROM 

■ 32 bidirectional I/O lines 

■ High current drive 

■ Internal 8-bit timer with software 

programmable 7-bit prescaler 

■ External timer input 

■ External and timer interrupts 

■ Self-check mode 

■ Master reset and power-on reset 



The CDP6805G2 Microcomputer Unit (MCU) belongs to 
the CDP6806 Family of l\/licrocomputers. This 8-bit MCU 
contains on-chip oscillator CPU, RAM, ROM, I/O, and 
Timer. The fully static design allows operation at 
frequencies down to DC, further reducing its already low- 



Single 3 to 6 volt supply 

On-chip oscillator with RC or crystal 

mask options 
40-pin dual-in-line package 
Similar to the MC6800 
Efficient use of program space 
Versatile interrupt handling 
True bit manipulation 
Addressing modes with indexed 

addressing for tables 
Efficient instruction set 
Memory mapped I/O 
Most self-check routines user 

callable 
Two power saving standby modes 

power consumption. It is a low-power processor designed 
for low-end to mid-range applications In th^ consumer, 
automotive, Industrial, and communications markets where 
very low power consumption constitutes an important 
factor. 



37 
TIMER > | 



Port 
A 

I/O 
Lines 



Port 
B 

I/O 
Lines 



PAO-^ 
PAI -<- 
PA2-^- 
PA3-^- 
PA4 -^r- 
PA5 -<- 
PA6 -<- 
PA7 -<- 



Prescaler 



Timer/ 
8 Counter 



Timer Control 



12, 



13. 



^ 



-I5> 



PBO ■<■ 
PB1 ^ 
PB2^ 
PB3^ 
PB4 Mi — ^ 
PB5-^ 
PB6 -<- 
PB7 Mr- 



1L. 



18. 



J9: 



Port 
A 
Reg 



Data 
Dir 
Reg 



10^ 



Port 
B 



Data 
Dir 
Reg 



0SC1 
39 



0SC2 
3^ 



RESET 
1 



Oscillator 



Accumulator 



Index 
Register 



Condition 

Code 

5 Register CC 



Stack 
Pointer 



Program 

Counter 

5 High PCH 



Program 

Counter 

8 Low pcL 



NUM 
3 A 



IRQ 



Y Y Y Y 



CPU 
Control 



CPU 




Data 
Dir 
Reg 


Port 

C 

Reg 


*28 > 


^27 J 


^26 J 


^25 I 


^24 ^ 


^23 I 


-22 ^ 
^21 ^ 





PCI 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 



Port 
C 

I/O 
Lines 




I 



2106 X 8 
ROM 



198x8 

Self-Check 

ROM 



112x8 
RAM 



Fig. 1 - CDP6805G2 CMOS microcomputer block diagram. 
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CDP6805G2 

MAXIMUM RATINGS (Voltages Referenced to Vss> 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8.0 


V 


All Input Voltages Except 0SC1 


Vin 


Vss~0.5toVDo + 0.5 


V 


Current Drain Per Pin Excluding Vqd and Vss 


1 


10 


mA 


Operating Temperature Range 


Ta 


to + 70 


«C 


Storage Temperature Range 


TstQ 


-55 to +150 


°C 


Current Drain Total (PD4-PD7 only) 


'oh 


40 


mA 



THERMAL CHARACTERISTICS 



Cliaracteristics 


Symbol 


Value 


Unit 


Therrlnal Resistance 

Plastic 
\ Ceramic 


^JA 


100 
50 


°C/W 



Port 


Ri 


R2 


B and C 


24.3 kO 


4.32 kO 


A, PD0-PD3 


1.21 kO 


3.1 kO 


PD4-PD7 


3000 


1.64 kO 



Test Point O- 



Fig. 2 - Equivalent test load. 



Q 
Q 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages of electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vjn and Vout be con- 
strained to the range VssslVjn or 
Vout) ^ Vdd • Reliability of operation is 
enhanced if unused inputs except 0SC2 and 
NUM are tied to an appropriate logic voltage 
level (e.g., either Vss or Vdd)- 

Vdd = 4.5V 



'Load 



50pF=f= 



Rl 




R2 



Vdd=6V 



Vdd=5V 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

(MHz) 
Internal Frequency (1/tcyc) 
Fig. 3 - Typical operating current vs. Internal frequency. 
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CDP6805G2 



DC ELECTRICAL CHARACTERISTICS (See Note 2) (Vdd = 5.0 Vdc ± 10%, Vss = Vdc, Ta = Oo to 7QPC unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Ur\it 


Output Voltage \i_qq(j^W.O fi A 


Vol 
vqh 


Vdd-0,1 


0,1 


V 
V 


Output High Voltage 
(lLoad=-''OOMA) PB0-PB7, PC0-PC7 


vqh 


2.4 




V 


(ll_oacl= -2 mA) PA0-PA7, PD0-PD3 


Vqh 


2.4 


- 


V 


<lLoad= -8mA)PD4-PD7 


Vqh 


2.4 


_ 


V 


Output Low Voltage 

(lLoad = 800^A) All Ports 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


Vol 


- 


0.4 


V 


Input High Voltage 
Ports PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


Vih 


VdD-2.0 


vdd 


V 


TIMER, IRQ, RESET 


V|H 


VdD-0.8 


Vdd 


V 


0SC1 


V|H 


Vdd-0.8 


Vdd 


V 


Input Low Voltage All Inputs 


V|L 


vss 


0.8 


V 


Total Supply Current (Cl = 50 pF 

on Ports, no do Loads, tcyc= 1 ns) 
RUN (nneasured during selt-check, 
V|L = 0.2 V, V|H = Vdd-0.2 V) 


IDD 




6 


mA 


WAIT (See Note 1) 


•dd 


— 


3 


mA 


STOP (See Note 1) 


•dd 


- 


250 


mA 


I/O Ports Input Leakage 
PA0-PA7, PBO- PB7, PC0-PC7, PD0-PD7 


l|L 




±10 


/iA 


Input Current 


lin 


_ 


±1 


/iA 


RESET, IRQ, TIMER, 0SC1 


Capacitance 
Ports 


Cout 


_ 


12 


pF 


RESET, IRQ, TIMER, 0SC1 


Cin 


- 


8 


pF 



NOTES: 1. Test conditions for I^q are as follows: 
All ports programmed as inputs 

V|L = 0.2 V (PA0-PA7, PB0-P B 7, P C0-PC7, PD0-PD7) 
V|H = Vdd-0-2 V for RESET, IRQ, TIMER 
0SC1 input is a squarewave from 0.2 V to Vdd ~ 0.2 V 
0SC2 output load = 20 pF (wait Idd "S affected linearly by the 0SC2 capacitance). 

2. Electrical Characteristics for Vqd = 3 V available soon. 



TABLE 1 - CONTROL TIIVIING 

<Vdd = 5 Vdc ±10%. Vss = 0, Ta = 0° to 70°C, fosc = 4 MHz) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Crystal Oscillator Startup Time (Figure 5) 


toxov 


- 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (Figure 6) 


tILCH 


- 


100 


ms 


Timer Pulse Width (Figure 4) 


tTH, tTL 


0.5 


- 


tcyc 


Reset Pulse Width (Figure 5) 


tRL 


1.5 


- 


tcyc 


Timer Period (Figure 4) 


tTLTL 


1 


- 


tcyc 


Interrupt Pulse Width Low (Figure 15) 


tILIH 


1 


- 


tcyc 


Interrupt Pulse Period (Figure 15) 


tILIL 


* 


- 


tcyc 


0SC1 Pulse Width 


tOH, tOL 


100 


- 


ns 


Cycle Time 


tcyc 


1000 


- 


ns 


Frequency of Operation 
Crystal 


fosc 


_ 


4 


MHz 


External Clock 


W 


DC 


4 


MHz 



I 



*The minimum period t|LiL should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc cycles. 
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o 



External 
Clock 



/ Timer \ I 

^ Pin 37 J 1 



Vdd Y 



<t>2* 




0SC1 -t"^^ [ 



jtOXOVJ 1920 tcyc 



- tTLTL--^ 



tTH 



tTL 



L 



Fig. 4 - Timer relationships. 




o 
o 

tl 

o> 

00 

o 
(11 
D 

lO 



■i_r 



30 
O 

> 

o 

s 
o 

(0 

r- 



o 

a 
c 
o 

ST 



Internal 

Address 

Bus* 



]iXEiX5r!>00(EXEKEXEXEiXiK 



Internal 
Data 
Bus* 



RESET 



{§-§H§-CXXXX>(EHB-©-C 



tRL 



^ : : 7 



* Internal timing signal not available externally. 



Fig. 5 - Power-on RESET and RESET. 



6805-Series LSI Products 



CDP6805G2 



0SC2 



-^^^ ^7///// ////// rm 



-02* 



^X 



tiLCH 



1920 tc 



Ln_n_x 



* Internal timing signals not available externally. 
"**■* Represents the internal gating of the 0SC1 input pin. 

Fig. 6 - Stop recovery and power-on RESET. 



FUNCTIONAL PIN DESCRIPTION 
Vqd and Vss 

Power is supplied to the MCU using these two pins. V^D 
is power and Vss 'S ground. 

[RS (MASKABLE INTERRUPT REQUEST) 

IRQ is mask option selectable with the choice of interrupt 
sensitivity being both level- and negative-edge or negative- 
edge only. The MCU completes the current instruction 
before it responds to the request. If IHU is low and the inter- 
rupt mask bit (I bit) in the concfition code register is clear, the 
MCU begins an interrupt sequence at the end of the current 
instruction. 

If the mask option is selected to include level sensitivity, 
then the IRQ input requires an external resistor to VpD for 
"wire-OR" operation. See the Interrupt section for more 
detail. 

RE^ET 



The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed description. 

TIMER 

The TIMER input may be used as an external clock for the 
on-chip timer. Refer to Timer section for a detailed descrip- 
tion. 

NUM - NON-USER MODE 

This pin is intended for use in self-check only. User ap- 
plications should connect this pin to ground through a 10 kfi 
resistor. 



0SC1, 0SC2 

The CDP6805G2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived by either a divide-by-two or divide- 
by-four of the external frequency (fosc)- Both of these 
options are mask selectable. 



RC — If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fosc 'S shown in Figure 8. 



CRYSTAL — The circuit shown in Figure 7(a) is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fosc '^ 
the electrical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vdd- Refer, to Control 
Timing Characteristics for limits. See Table 1 . 



EXTERNAL CLOCK - An external clock should be ap- 
plied to the 0SC1 input with the 0SC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. toxOV oi" 
t|LCH do not apply when using an external clock input. 



I 
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CDP6805G2 

0SC1 0SC2 



Cosci 



39 RP 38 



'HD 





1 MHz 


4 MHz 


Units 


RSMAX 


400 


75 





Co 


5 


7 


pF 


Ci 


0.008 


0.012 


/iF 


Cosci 


15-40 


15-30 


pF 


C0SC2 


15-30 


15-25 


pF 


Rp 


10 


10 


MO 


Q 


30 


40 


- 



Crystal Parameters 



: Cosc2 



38 



L Ci Rs 




HDh 



39 



Crystal Oscillator Connections 



(a) 



Equivalent Crystal Circuit 



CDP6805G2 

0SC1 0SC2 



I w\ 1 



38 



CDP6806G2 
0SC1 0SC2 



39 



Unconnected 



-< External Clock 



(b) RC Oscillator Connection 



(c) External Clock Source Connections 



Fig. 7 - Oscillator connections. 




R(kQ) 



Fig. 8 - Frequency vs. resistance for RC oscillator option only. 
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PA0-PA7 

These eight I/O lines comprise Port A. The state of any 
pin is software progrannmable. Refer to Input/Output Pro- 
gramming section for a detailed description. 

PB0-PB7 

These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to Input/ Output Program- 
ming section for a detailed description. 



PC0-PC7 

These eight lines comprise Port C. The state of any pin is 
software programmable. Refer to the Input/ Output Pro- 
gramming section for a detailed description. 



CDP6805Q2 

PD0-PD7 

These eight lines comprise Port D. PD4-PD7 also are 
capable of driving LED's directly. The state of any pin is soft- 
ware programmable. Refer to the Input/Output Programing 
section for a detailed description. 

INPUT/OUTPUT PROGRAMMING 

Any port pin may be software programmed as an input or 
output by the state of the corresponding bit In the port Data 
Direction Register (DDR). A pin Is configured as an output If 
its corresponding DDR bit is set to a logic '1.' A pin is con- 
figured as an input if its corresponding DDR bit is cleared to 
a logic '0.' At reset, all DDRs are cleared, which configures 
all port pins as inputs. A port pin configured as an output 
will output the data in the corresponding bit of its port data 
latch. Refer to Figure 9 and Table 2. 



Internal m 

CDP6805G2 < 

Connections 




Typical Port 

Data Direction 

Register 

Typical Port 
Register 



Pin 



DDR 7 


DDR 6 


DDRS 


DDR 4 


DDR 3 


DDR 2 


DDR1 


DDRO 












. 























rTTTtXTT 



P-7 



P-6 



P-5 



P-4 



P-3 



P-2 



P-1 



P-0 



I 



TABLE 2 - I/O PIN FUNCTIONS 



R/W 


DDR 


I/O Pin Function 








The I/O pin is in input mode. Data is written into the output data latch. 





1 


Data is written into the output data latch and output to the I/O pin. 


1 





The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The output data latch is read. 



Fig. 9- Typical port I/O circuitry. 
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SELF-CHECK 



The CDP6805G2 self-check is performed using the circuit 
in Figure 10. Seif-checi< is initiated by tying NUM and 
TIMER pins to a logic 1 then executing a reset. After reset, 
five subroutines are called that execute the following tests: 

I/O — Functionally exercise port A, B, C, D 

RAM -Walking bit test 

ROM -Exclusive OR with odd Vs parity result 

Tinner- Functionally exercise timer 

Interrupts- Functionally exercise external and timer inter- 
rupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 
quire any external hardware. 

RAM SELF-CHECK SUBROUTINE 

Returns with the Z-bit clear if any error is detected; other- 
wise the Z-bit is set. 

The RAM test must be called with the stack pointer at 
$07F. When run, the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return ad- 
dress. 

A and X are modified. All RAM locations except the top 2 
are modified. (Enter at location $1F87.) 



CDP6805G2 



PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PA1 
PAO 

PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



vss 



|20 



ROM CHECKSUM SUBROUTINE 

Returns with Z-bit cleared if any was found, otherwise 
Z= 1 . X = on return, and A is zero if the test passed. RAM 
locations $040-$043 are overwritten. (Enter at location 
1FA1.) 
TIMER TEST SUBROUTINE 

Return with Z-bit cleared if any error was found; otherwise 
Z==1. 

This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on exit, the clock will be running and the interrupt 
mask not set so the caller must protect himself from inter- 
rupts if necessary 

A and X register contents are lost; this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine also detects if the timer is running at all. 
(Enter at location $1FBB.) 

MEMORY 
The CDP6805Q2 has a total address space of 8192 bytes 
of memory and I/O registers. The address space is shown in 
Figure 11. 

RESET 

cr^c^ 



RESET 

vdd 

TIMER 
NUM 
0SC1 



0SC2 
IRQ 
PD7 
PD6 
PD5 
PD4 
PD3 
PD2 
PDl 
PDO 
PCO 
PCI 
PC2 
PCS 
PC4 
PC5 
PC6 
PC7 



40 



10 kJ] 



10 kn 



MOkQ 



-5V 



MOMO 



38 



T 
X 



20 pF 

"1 



4 MHz 



20 pF 



1. 



36 
35 








34 








33 










32 










3^ , 








30 , 






29 ^ 


\ > ^ 



Test Status 
Indication 



26 
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Fig. 10- Self 'Check circuit 
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Access 

Via 

PageO 

Direct 

Addressing 



127 
128 

255 

256 



2223 
2224 



2303 
2304 



User 
Defined 
Interrupt 
Vectors 



8063 
8064 



8181 
8182 



8191 
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TABLE 3 - SELF-CHECK RESULTS 



PD3 


PD2 


PD1 


POO 


Remarks 







1 





Bad I/O 







1 


1 


Bad Tinner 




1 








Bad RAM 




1 





1 


Bad ROM 




1 


1 





Bad interrupt or Request Flag 


All Cycling 


Good Part 


All Others 


Bad Part 



I/O Ports 
Timer 
RAM 



2096 Bytes 
User ROM 



80 Bytes 
Self-Check ROM 



5760 Bytes 
Unused* 



118 Bytes 
Self-Check ROM 



Timer Interrupt From Wait State Only 
Timer Interrupt 



External Interrupt 



SWI 



RESET 



$0000 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Port A Data 




Port B Data 


$007F 


Port C Data 


$0080 
1 


Port D Data 


$OOFF 


Port A Data Direction 


$0100 

\ 


Port B Data Direction 


Port C Data Direction 


$08 A F 
$08 BO 


Port D Data Direction 


Timer Data 


$08 FF 


Timer Control 


$0900 








6 Bytes 






Unused* 




15 
16 






RAM 






(112 Bytes) 


$1F7F 






$1F80 63 
64 
$1FF5 

$1FF6-$1FF7 


y 


$1FF8-$1FF9 


y 

/ 


$1FFA-$1FFB 

1 
$1FFC-$1FFD 


y 

^ Stack (64 Bytes Max) 


$1FFE-$1FFF 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 



$000F 
$0010 



$003F 
$0040 




$007 F 



*Reads of unused locations undefined. 



F[Q. 11 - Address map. 
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The first 128 bytes of memory (first half of page zero) is 
comprised of the I/O port locations, timer locations, and 112 
bytes of RAM. The next 2096 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and sub- 
routine calls. At power-up, the stack pointer is set to $007F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is incre- 
mented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 



REGISTERS 

The CDP6806G2 contains five registers as shown In the 
programming model in Figure 12. The interrupt stacl<lng 
order is shown In Figure 13. 



ACCUMULATOR (A) 

This accumulator is an 8-bit general purpose register used 
for arithmetic calculations and data manipulations. 
INDEX REGISTER (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the 
read/ modify/ write type of instructions and as a temporary 
storage register when not performing addressing operations. 
PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the pro- 
cessor. 

STACK POINTER (SP) 

The stack pointer is a 13-bit register containing the 
address of the next free location on the stack. When access- 
ing memory, the seven most-significant bits are permanently 
set to 0000001. These seven bits are appended to the six 
least-significant register bits to produce an address within 
the range of $007F to $0040. The stack area of RAM is used 
to store the return address on subroutine calls and the 



7 

1 


A 




1 


7 







1 


X 


1 



Accumulator 



Index Register 



12 

1 






1 


12 6 5 







1 o| o| o| o| o| 1 1 


SP 


_J 



J Progi 



ram Counter 



Increasing Memory 
Addresses 



CC 



I H j I |n I Z |c j Condition Code Register 
I Carry/ Borrow 



Fig. 12 - Programming Model. 



1 1 



in 



-Zero 
- Negative 
-Interrupt Mask 
-Half Carry 



Stack 



Condition Code Register 



Accumulator 



Index Register 



q|o|' 



PCH 



PCL 



Decreasing Memory 
Addresses 



Unstack 



NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is in 
the reverse order. 



Fig. 13 " Stacldng order. 
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machine state during interrupts. During external or power- 
on reset, and during a "reset stack pointer" instruction, the 
stack pointer is set to its upper limit ($007F). Nested inter- 
rupts and/or subroutines may use up to 64 (decimal) loca- 
tions, beyond which the stack pointer "wraps around" and 
points to its upper limit thereby losing the previously stored 
information. A subroutine call occupies two RAM bytes on 
the stack, while an interrupt uses five bytes. 

CONDITION CODE REGISTER (CO 

The condition code register is a 5-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 

HALF CARRY BITS (H) - The H-bit is set to a one when 
a carry occurs between bits 3 and 4 of the ALU during an 
ADD or ADC instruction. The H-bit is useful in binary coded 
decimal subroutines. 

INTERRUPT MASK BIT (I) - When the 1-bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the 1-bit is set, the interrupt is latched and is 
processed when the 1-bit is next cleared. 

NEGATIVE (N) — < Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical one). 

ZERO (Z) — Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 
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Either of the two types of reset conditions causes the 
following to occur: 
-Timer control register interrupt request bit TCR7 is 
cleared to a "0," 

— Timer control register interrupt mask bit TCR6 is set to a 
"1." 

-All data direction register bits are cleared to a "0." All 
ports are defined as inputs. 

— Stack pointer Is set to $CX)7F. 

— The internal address bus is forced to the reset vector 
($1FFE, $1FFF). 

-Condition code register interrupt mask bit (I) is set to a 
"1." 

— STOP and WAIT latches are reset. 

— External interrupt latch is reset. 

All other functions, such as other registers (including out- 
put ports) , the timer, etc. , are not cleared by the reset condi- 
tions. 

INTERRUPTS 

The CDP6805G2 Is capable of operation with three 
different interrupts, two hardware (timer interrupt and 
external interrupt), and one software (SWI). When any of 
these interrupts occur, normal processing is suspended at 
the end of the current instruction execution. All of the 
program registers (the machine state) are pushed onto the 
stack; refer to Figure 13 for stacking order. The appropriate 
vector pointing to the starting address of the interrupt 
service routine is then fetched; refer to Figure 14 for the 
Interrupt sequence. 

The priority of the various interrupts from highest to 
lowes t is as f ollows: 

RESET-^*^ External Interrupt^Timer Interrupt 



CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 

RESETS 
The CDP6805G 2 has t wo reset modes: an active low 
external reset pin (RESET) and a power-on reset function; 
refer to Figure 6. 



RESET 



The RESET input pin is used to reset the MCU to provide 
an orderly software sta rt-up p rocedure. When using the ex- 
ternal reset mode, the RESET pin must stay low tor a mini- 
mum of one tcyc- The RESET pin is provided with a Schmitt 
Trigger input to improve its noise immunity. 

POWER-ON RESET 

The power-on reset occurs when a positive transition is 
detected on Vqd- The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
tcyc time out, the processor remains in the reset condition. 



TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then each time the 
timer decrements to zefor'ttransitions from $01 to $00) an 
interrupt request rs generated. The actual processor interrupt 
is generated only if the interrupt mask bit of the condition 
code register is also cleared. When the interrupt is recogniz- 
ed, the current state of the machine is pushed onto the stack 
and the interrupt mask bit in the condition code register is 
set. This masks further interrupts until the present one is ser- 
viced. The processor now vectors to the timer interrupt ser- 
vice routine. The address for this service routine is specified 
by the contents of $1FF8 and $1FF9 unless the processor is 
in a WAIT mode in which case the contents of $1FF6 and 
$1FF7 specify the timer service routine address. Software 
must be used to clear the timer interrupt request bit (TCR7). 
At the end of the timer interrupt service routine, the software 
normally executes an RTI instruction which restores the 
machine state and starts executing the interrupted program. 



EXTERNAL INTERRUPT 

If the interrupt mask bit of the condition code register is 
cleared and the external interrupt pin is "low," then the ex- 
ternal interrupt occurs. The action of the external interrupt is 



I 



*'Any current instruction including SWI. 
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Force Interrupt 
Execution, Set 
Interrupt Mask, 
Fetch Tinner 
Vector* Note 




Force Interrupt 
Execution, Set 
Interrupt Mask, 
Fetch Ext Int 
Vector, Reset 
Interrupt Latch 




*NOTE: The clear of TCR bit 7 must be accomplished with software. 

Fig. 14 - Interrupt and instruction processing flowchart. 
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identical to the timer interrupt with the exception that the 
service routine address is specifred by the contents of $1 FFA 
and $1FFB. Either a level- and edge-sensitive (or edge-sensi- 
tive only) are available as mask options. Figure 15 shows 
both a functional diagram and timing for the interrupt line. 
The timing diagram shows two different treatments of the 
interrupt line (IRQ) to the processor. The first method is 
single pulses on the interrupt line spaced far enough apart to 
be serviced. The minimum time between pulses is a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU soft- 
ware has exited the routine (an RTI occurs). This time (tjuU 
is obtained by adding 20 instruction cycles (tcyc) to the total 
number of cycles it takes to complete the service routine in- 
cluding the RTI instruction; refer to Figure 15. The second 
configuration shows many interrupt lines "wire ORed" to 
form the interrupts at the processor. Thus, if after servicing 
an interrupt the IRQ remains low, ttien the next interrupt is 
recognized. 
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SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt mask in the condition code register. The service 
routin address is specified by the contents of memory loca- 
tions $1FFC and $1FFD. See Figure 14 for interrupt and in- 
struction processing flowchart. 

The following three functions are not strictly interrupts; 
however, the y are tie d very closely to the interrupts. These 
functions are RESET, STOP, WAIT. 

RESET 



The RESET input pin and the internal power-on reset 
function each cause the program to vector to an initialization 
program. This vector is specified by the contents of memory 
locations $1 FEE ahd $1 FFF. The interrupt mask of the condi- 
tion code register is also set. Refer to Resets section for 
details. 



(a) Interrupt Functional Diagram 



Level Sensitive 



Interrupt Pin 




External Reset 

External Interrupt 
Being Serviced 



(b) Interrupt Mode Diagram 



IRQ 



-^ILIH 



i_r 



-tlLIL- 



Edge Condition 
(The nnininnunn pulse width (t||_|H is one 
tcyc The period t||_|L should not be 
less than the nunnber of tcyc cycles it 
takes to execute the interrupt service rou- 
tine plus 20 tcyc cycles.) 



I 



(2) IRQ (MPU) 



IRQl 



Mask Optional Level Sensitive 
(If after servicing an interrupt thelRQ re- 
nnains low, then the next interrupt is re- 
cognized) 



IRQn 



Fig. 15 - External interrupt. 
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STOP 

The STOP instruction places the CDP6805G2 in its 
lowest power consumption mode. In the STOP function the 
internal oscillator is turned off, causing all internal process- 
ing and the timer to be halted; r6fer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. The timer 
prescaler is cleared. External interrupts are enabled in the 
condition code register. All other registers and memory re- 
main unaltered. All I/O lines remain unchanged. 



(ZEZ) 



except the timer circuit; refer to Figure 17. Thus, all Internal 
processing is halted; however, the timer continues to count 
normally. 

During the Wait mode, the 1-bit in the" condition code 
register Is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the Wait mode. 
If an external and a timer Interrupt occur at the same time, 
the external interrupt Is serviced first; then, if the timer inter- 
rupt request Is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer Wait inter- 
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 

TIMER 



Stop Oscillator 
And All Clocks 

TCR Bit 7-0 
Bit 6-1 

Clear I Mask 




Yes 



Turn on Oscillator 
Wait for Time 
Delay to Stabilize 



Fetch External 
Interrupt or 
Reset Vector 



Fig. 16 - Stop function flowchart. 

WAIT 

The WAIT instruction places the CDP6805G2 In a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock Is diabled from all Internal circuitry 



The MCU timer contains a 8-bit software programmable 
counter with7-bit software selectable prescaler. The counter 
may be present under program control and decrements 
towards zero. When the counter decrements to zero, the 
timer interrupt request bit, i.e., bit 7 of the timer control 
register (TRC), is set. Then, if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the 1-bit in the condition 
code register are both cleared, the processor receives an in- 
terrupt. After completion of the current instruction, the pro- 
cessor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca- 
tions $1FF8 and $1FF9 (or $1FF6 and $1FF7 if in the WAIT 
mode) in order to beging servicing. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set. The counter may be read at any time by the pro- 
cessor without disturbing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt re- 
quest bit remains set until cleared by the software. If a read 
occurs before the timer interrupt is serviced, the interrupt is 
lost. TCR7 may also be used as a scanned status bit in a non- 
interrupt mode of operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1 , and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are clearedto all "O's" by the write operation into 
TCR when bit 3 of the written data equals 1 . This allows for 
truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 



TIMER INPUT MODE 1 

If TCR4 and TCR5 are both programmed to a "0," the In- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock. During a WAIT instruction, the inter- 
nal clock to the timer continues to run at its normal rate. 
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( Wait j 



Oscillator Active 

Clear 1-Bit 

Timer Clock Active 

All Other Clocks 

Stop 




Restart 
Processor Clocks 



Fetch External 

Interrupt Reset, 

or Timer Interrupt 

Vector (from Wait 

Mode only) 



Fig. 17 - Wait function flowcttart. 



I 



TIMER INPUT MODE 2 

With TCR4=1 and TCR5 = 0, the internal clock and the 
TIMER input pin are ANDed together to form the timer input 
signal. This mode can be used to measure external pulse 
widths. The external pulse simply turns on the internal clock 
for the duration of the pulse. The resolution of the count in 
this mode is ± 1 clock and, therefore, accuracy improves 
with longer input pulse widths. 

TIMER INPUT MODE 3 

If TCR4 = and TCR5= 1, then all inputs to the Timer are 
disabled. 



TIMER INPUT MODE 4 

If TCR4=: 1 and TCR5= 1, the internal clock input to the 
Timer is disabled and the TIMER input pin becomes the in- 
put to the Timer. The timer can, in this mode, be used to 
count external events as well as external frequencies for 
generating periodic interrupts. The counter is clocked on the 
falling edge of the external signal. 

Figure 18 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $F0. 
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External 
Input 



H^' 



Selected by 
CR4, TCR5 



Selected by TCRO, 
TCR1, TCR2 



in 




Q0i>-0 



Internal 
Clock 



nfnn 



Counter 
8 Bits 



7^ 



Prescaler 
7 Bits 
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(No clock) 



Interrupt 
Control 



•-Cleared by 
TCR3 
\ 
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\/ 

Software Functions 
NOTES: 

1. Prescaler and 8-bit counter are clocked on the falling edge of the internal clock or external input. 

2. Counter counts down continuously. 



Fig. 18- Timer blocl< diagram. 
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Timer Control Register (TCR) 
5 4 3 2 1 





TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 



TCR5 TCR4 



All bits in this register except bit 3 are Read/Write bits. 

TCR7 - Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "1". 

1 — Set whenever the counter decrements to zero, or un- 
der program control. 

— Cleared on external reset, power-on reset, STOP in- 

struction, or program control. 

TCR6 — Timer interrupt mask bit: when this bit is a logic 
"1" it inhibits the timer interrupt to the processor. 

1 - Set on external reset, power-on reset, STOP instruc- 

tion, or program control. 

— Cleared under program control. 

TCR5 — External or internal bit: selects the input clock 
source to be either t he exte rnal timer pin or the internal 
clock. (Unaffected by RESET.) 

1 — Select external clock source. 

— Select internal clock source (AS). 

TCR4 - External enable bit: con trol bit u sed to enable the 
external timer pin. (Unaffected by RESET.) 

1 — Enable external timer pin. 
- Disable external timer pin. 












1 


1 





1 


1 



Internal clock to Timer 

AND of internal clock and TIMER 

pin to Timer 

Inputs to Timer disabled 

TIMER pin to Timer 



Refer to Figure 18 for Logic Representation. 



TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a "0". (Unaffected by RESET.) 

TCR2, TCRl, TCRO - Prescaler select bits: decoded to 
select o ne of eight taps on the prescaler. (Unaffected by 
RESET.) 

Prescaler 



TCR2 


TCRl 


TCRO 


Result 











+ 1 








1 


-h2 





1. 





-*-4 





1 


1 


H-8 


1 








■*-16 


1 





1 


-h32 


1 


1 





-^64 


1 


1 


1 


+ 128 
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INSTRUCTION SET 

The MCU has a set of 61 basic instructions. They can be 
divided into five different types: register/ memory, 
read/ modify/ write, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type. All the 
instructions within a given type are presented in individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One 
operand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) instructions are the 
program counter. Refer to Table 4. 

READ/MODIFY/WRITE INSTRUCTIONS 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero (TST) instruction is an exception to the 
read/modify/write sequence since it does not modify the 
value. Refer to Table 5. 

BRANCH INSTRUCTIONS 

Most branch instructions test the state of the Condition 
Code Register and if certain criteria are met, a branch is ex- 
ecuted. This adds an offset between -i- 128 and - 127 to the 
current program counter. Refer to Table 6. 

BIT MANIPULATION INSTRUCTIONS 

The MRU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where all 
port registers, port DDR's, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 loca- 
tions. The bit set, bit clear and bit test and branch functions 
are all implemented with a single instruction. For the test 
and branch instructions the value of the bit tested is also 
placed in the carry bit of the Condition Code Register. Refer 
to Table 7 for instruction cycle timing. 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions and 
are used to control processor operation during program ex- 
ecution. Refer to Table 8 for instruction cycle timing. 

ALPHABETICAL LISTING 

The complete instruction set is given in alphabetical order 
in Table 10. 

OPCODE MAP 

Table 9 is an opcode map for the instructions used on the 
MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to give the 
programmer an opportunity to optimize the code to all situa- 
tions. The various indexed addressing modes make it possi- 
ble to locate data tables, code conversion tables and scalling 
tables anywhere in the memory space. Short indexed ac- 
cesses are single byte instructions, while the longest instruc- 
tions (three bytes) permit tables throughout memory. Short 
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and long absolute addressing is also included. One and two 
byte direct addressing instructions access all data bytes in- 
most applications. Extended addressing permits jump in- 
structions to reach all memory. Table 10 shows the address- 
ing modes for each instruction, with the effects each in- 
struction has on the Condition Code Register. An opcode 
map is shown in Table 9. 

The term "Effective Address" (EA) is used in describing 
the various addressing modes, which is defined as the byte 
address to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 
"contents of," an arrow indicates "is replaced by" and a col- 
on indicates concatenation of two bytes. For additional 
details and graphical illustrations, refer to the M6805 Family 
User Manual. 

INHERENT 

In inherent instructions all the information necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index register or accumulator, and 
no other arguments, are included in this mode. 

IMMEDIATE 

In immediate addressing, the operand is contained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution (e.g., a constant used to initialize a loop 
counter). 

EA=PC-h1; PC-PC-l-2 

DIRECT 

In the direct addressing mode, the effective address of the 
argument is contained in a signle byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two byte in- 
struction. This includes all on-chip RAM and I/O registers 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 

EA=(PC-f-1); PC-PC -f-2 
Address Bus High— 0; Address Bus Low— (PC -hi) 
EXTENDED 

In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single thre byte instruction. When using the CDP6805 
assembler, the user need not specify vyhether an instruction 
uses direct or extended addressing. The assembler 
automatically selects the most efficient addressing mode. 

EA=(PC-h1):(PC-h2); PC-PC-h3 
Address Bus High-(PC-f- 1); Address Bus Low-(PC-h2) 

INDEXED, NO-OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte long 
and therefore are more efficient. This mode is used to move 
a pointer through a table or to address a frequency refer- 
enced RAM or I/O location. 

EA=X; PC-PC-hl 
Address Bus High— 0; Address Bus Low— X 
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INDEXED, 8-BIT OFFSET 

Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register. The 
operad is therefore located anywhere within the lowest 511 
nnemory locations. For example, this mode of addressing is 
useful for selecting the m-th element in an n element table. 
All instructions are two bytes. The contents of the index 
register (X) is not changed. The contents of (PC+ 1) is an 
unsigned 8-bit integer. One byte offset indexing permits 
look-up tables to be easily ac6essed in either RAM or ROM. 
EA=-h(PC-Kl); PC-PC + 2 
Address Bus High-K; Address Bus Low^X+ IPC-I- 1) 
Where: K = The carry from the addition of X -i- ( PC -h 1 ) 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode the effective 
address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). As with direct and extended, the M6805 assembler 
determines the most efficient form of indexed offset — 8 or 
16 bit. The content of the index register is not changed. 

EA = X + [(PC+1):(PC + 2)]; PC-PC + 3 

Address Bus High-(PC+ 1) + K; 

Address Bus Low-X-h (PC-f-2) 

Where: K = The carry from the addition of X -f ( PC + 2) 

RELATIVE 

Relative addressing is only used in branch instructions. In 
relative addressing the contents of the 8-bit signed byte 
following the opcode (the offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 



is limited to the range of -126 to +129 bytes from the 
branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to- see if it is within 
the span of the branch. 

EA= PC-*-2+ (PC+ 1); PC-EA if branch taken; 
otherwise PC- PC + 2 
BIT SET/CLEAR 

Direct addressing and bit addressing are combined in in- 
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes, 
one for the opcode (including the bit number) and the 
second to address the byte which contains the bit of interest. 
EA=(PC+1); PC-PC-h2 

Address Bus High*-0; Address Bus Low-(PC+1) 

BIT TEST AND BRANCH 

Bit test and branch is a combination of direct addressing, 
bit addressing and relative addressing. The bit address and 
condition (set or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im- 
mediately following the opcode byte (EA1). The signed 
relative 8-bit offset is in the third byte (EA2) and is added to 
the PC if the specified bit is set or clear in the specified 
memory location. This single three byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 

EA1 = (PC+1) 

Address Bus High-0; Address Bus Low*-(PC+1) 

EA2 = PC + 3 -h ( PC -h 2) ; PC - EA2 if branch taken; 

otherwise PC-PC-f-3 
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TABLE 4 - 


REGISTER/MEMORY INSTRUCTIONS 




















Addressing Modes | 




Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


indexed 
(8-Bft Offset) 


indexed 
(16-Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


- 


3 


E6 


2 


^ 


D6 


3 


5 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 




3 


EE 


2 


4 


DE 


3 


5 


Store A m Memory 


STA 


- 


- 


- 


B7 


2 


4 


C7 


3 


5 


F7 




4 


E7 


2 


5 


D7 


3 


6 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


4 


OF 


3 


5 


FF 




4 


EF 


2 


5 


DF 


3 


6 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 




3 


EB 


2 


4 


DB 


3 


5 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 




3 


E9 


2 


4 


D9 


3 


5 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 




3 


EG 


2 


4 


DO 


3 


5 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 




3 


E2 


2 


4 


D2 


3 


5 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 , 


3 


4 


F4 




3 


E4 


2 


4 


D4 


3 


5 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 




3 


EA 


2 


4 


DA 


3 


5 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


FB 




3 


EB 


2 


4 


D8 


3 


5 


Arithmetic Compare A 
with Memory 


CMP 


Al 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 




3 


El 


2 


4 


Dl 


3 


5 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 




3 


E3 


2 


4 


D3 


3 


5 


Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 




3 


E5 


2 


4 


D5 


3 


5 


Jump Unconditional 


JMP 


_ 


_ 


_ 


BC 


2 


2 


CC 


3 


3 


FC 




2 


EC 


2 


3 


DC 


3 


4 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


5 


CD 


3 


6 


FD 




5 


ED 


2 


6 


DD 


3 


7 










TABLE 5 - 


READ/ MODIFY/ WRITE INSTRUCTIONS 


















Addressing Modes | 




Inherent (A) 


Inherent (X) 


Direct 


Indexed 
(No Offset) 


indexed 
(8-Bit Offset) 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 

Cycles 


Op 
Code 


# 

Bytes 


# 

Cycles 


Increment 


INC 


.4C 




3 


5C 




3 


3C 


2 


5 


7C 




5 


6C 


2 


6 


Decrement 


DEC 


4A 




3 


5A 




3 


3A 


2 


5 


7A 




5 


6A 


2 


6 


Clear 


CLR 


4F 




3 


5F 




3 


3F 


2 


5 


7F 


^ 


5 


6F 


2 


6 


Complement 


COM 


43 




3 


53 




3 


33 


2 


5 


73 




5 


63 


2 


6 


Negate 
(2's Complement) 


NEC 


40 




3 


50 




3 


30 


2 


5 


70 




5 


60 


2 


6 


Rotate Left Thru Carry 


ROL 


49 




3 


59 




3 


39 


2 


5 


79 




5 


69 


2 


6 


Rotate Right Thru 
Carry 


ROR 


46 




3 


56 




3 


36 


2 


5 


76 




5 


66 


2 


6 


Logical Shift Left 


LSL 


48 




3 


58 




3 


38 


2 


5 


78 




5 


68 


2 


6 


Logical Shift Right 


LSR 


44 




3 


54 




3 


34 


2 


5 


74 




5 


64 


2 


6 


Arithmetic Shift Right 


ASR 


47 




3 


57 




3 


37 


2 


5 


77 




5 


67 


2 


6 


Test for Negative 
or Zero 


TST 


4D 




3 


5D 




3 


3D 


2 


4 


7D 




4 


6D 


2 


5 



o 
o 

o 

Cll 



lO 



RCA CMOS LSI Products 
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TABLE 6 - BRANCH INSTRUCTIONS 







Relative Addressing Mode | 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


1 
Cycles 


Branch Always 


BRA 


20 


2 


3 


Branch Never 


BRN 


21 


2 


3 


Branch IFF Higher 


BHI 


22 


2 


3 


Branch IFF Lower or Same 


BLS 


23 


2 


3 


Branch IFF Carry Clear 


BCC 


24 


2 


3 


(Branch IFF Higher or Same) 


(BHS) 


24 


2 


3 


Branch IFF Carry Set 


BCS 


25 


2 


3 


(Branch IFF Lower) 


(BLO) 


25 


2 


3 


Branch IFF Not Equal 


BNE 


26 


2 


3 


Branch IFF Equal 


BEQ 


27 


2 


3 


Branch IFF Half Carry Clear 


BHCC 


28 


2 


3 


Branch IFF Half Carry Set 


BHCS 


29 


2 


3 


Branch IFF Plus 


BPL 


2A 


2 


3 


Branch IFF Minus 


BMI 


2B 


2 


3 


Branch IFF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


3 


Branch IFF Interrupt Mask Bit is Set 


BMS 


2D 


2 


3 


Branch IFF Interrupt Line is Low 


BIL 


2E 


2 


3 


Branch IFF Interrupt Line is High 


BIH 


2F 


2 


3 


Branch to Subroutine 


BSR 


AD 


2 


6 



TABLE 7 - BIT MANIPULATION INSTRUCTIONS 







Addressing Modes | 


Function 


Mnemonic 


Bit Set/ Clear 


Bit Test and Branch | 


Op 

Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


Bytes 


# 
Cycles 


Branch IFF Bit n is Set 


BRSETn (n = 0...7) 


- 


- 


- 


2»n 


3 


5 


Branch IFF Bit n is Clear 


BRCLR n (n = 0...7) 


- 


- 


- 


01 + 2«n 


3 


5 


Set Bit n 


BSET n (n = 0...7) 


10+2«n 


2 


5 


- 


- 


- 


Clear Bit n 


BCLR n (n = 0...7) 


11 + 2«n 


2 


5 


- 


- 


- 



TABLE 8 - CONTROL INSTRUCTIONS 







Inherent | 


Function 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


cu 


9A 




2 


Software Interrupt 


SWI 


83 




10 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


90 




2 


Stop 


STOP 


8E 




2 


Wait 


WAIT 


8F 




2 
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TABLE 9 - INSTRUCTION SET OPCODE MAP 





BHMmutotion 


Branch 


Raad/ModHy/Write 


Control 


R6gi8t6f / Mwnory 




BYB 


bS£ 


ftEL 


DIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


»JS 




BJB 


0001 


f 

0010 


T 

0011 


0100 


0101 


0110 


7 
0111 


1000 


1001 


A 

1010 


B 

1011 


C 
1100 


D 
1101 


E 
1110 


F 

1111 


^^ 





BRSETO 

3 BTB 


BSETO 


r 

BRA 

2 REL 


NEG 

2 DIR 


NEG 

1 INH 


NEG 

1 INH 


NEG 

2 1X1 


5 
NEG 

1 IX 


RTI 

1 INH 




2 

SUB 

2 IMM 


3 

SUB 

2 DIR 


4 

SUB 

3 EXT 


SUB 

3 1X2 


4 

SUB 

2 1X1 


3 

SUB 

1 IX 





1 
0001 


BRCLRO 

3 BTB 


BCLRO 


BRN 

2 REL 












RTS 

1 INH 




2 
CMP 

2 ■ IMM 


3 
CMP 

2 DIR 


4 
CMP 
3 EXT 


5 
CMP 

3 1X2 


4 

CMP 

2 1X1 


3 
CMP 
1 IX 


1 

0001 


2 

0010 


BRSETl 

3 BTB 


BSET1 


3 
BHI 

2 REL 
















2 
SBC 

2 IMM 


3 
SBC 

2 DIR 


4 

SBC 

3 EXT 


5 
SBC 

3 1X2 


4 

SBC 

2 1X1 


3 
SBC 

1 IX 


2 

0010 


3 

0011 


9 1 

BRCLR1 

3 BTB 


5 
BCLR1 

2 BSC 


3 
BLS 

2 REL 


5 
COM 

2 DIR 


COMA 

1 INH 


3 
COMX 

1 INH 


6 

COM 

2 1X1 


5 
COM 

1 IX 


10 

SWI 

1 INH 




2 
CPX 

2 IMM 


3 
CPX 

2 DIR 


4 

CPX 

3 EXT 


5 
CPX 

3 1X2 


CPX 

2 1X1 


3 
CPX 

1 IX 


3 

0011 


4 
0100 


9 P 1 

BRSET2 
3 BTB 


BSET2 


3 

BCC 

2 REL 


LSR 

2 DTR 


LSRA 

1 INH 


LSRX 

1 INH 


6 
LSR 

2 1X1 


5 
LSR 

1 IX 






2 
AND 
2 IMM 


AND 

2 DIR 


4 
AND 
3 EXT 


5 
AND 

3 1X2 


AND 

2 1X1 


3 
AND 

1 IX 


4 
0100 


5 
0101 


B 1 
6RCLR2 
3 BTB 


BCLR2 


3 
BCS 

2 REL 
















2 

BIT 

2 IMM 


3 
BIT 

2 DIR 


4 
BIT 
3 EXT 


5 
BIT 
3 1X2 


4 
BIT 

2 1X1 


3 
BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3 

3 BTB 


BSET3 

2 BSC 


BNE 

2 REL 


5 
ROR 

2 DIR 
win 


3 
RORA 

1 INH 


3 
RORX 

1 INH 


6 
ROR 

2 1X1 


5 
ROR 

1 IX 






2 
LDA 

2 IMM 


LDA 

2 DIR 


4 

LDA . 

3 EXT 


LDA 
3 1X2 


LDA 

2 1X1 


3 
LDA 

1 IX 


6 

0110 


7 

0111 


BRCLR3 

3 BTB 


BCLR3 


BEQ 

2 REL 


ASR 

2 DIR 


3 

ASRA 

1 INH 


ASRX 

1 INH 


6 
ASR 

2 1X1 


5 
ASR 

1 IX 




2 
TAX 

1 INH 




4 
STA 

2 DIR 


5 
STA 
3 EXT 


6 

STA 
3 1X2 


STA 

2 1X1 


4 

STA 

1 IX 


7 
Dili 


8 

1000 


BRSET4 

3 BTB 


BSET4 
2 BSC 


BHCC 

2 REL 


LSL 
2 DIR 


LSLA 

1 INH 


3 
LSLX 

1 INH 


6 
LSL 

2 1X1 


5 
LSL 

1 IX 




2 
CLC 

1 INH 


2 
EOR 

2 IMM 


3 

EOR 

2 DIR 


EOR 

3 EXT 


5 
EOR 

3 1X2 


4 

EOR 

2 1X1 


3 
EOR 

1 IX 


8 

1000 


9 

1001 


BRCLR4 
3 BT| 


BCLR4 
2 BSC 


BHCS 

2 REL 


ROL 

2 DIR 


ROLA 

1 INH 


ROLX 

1 INH 


6 
ROL 

2 1X1 


5 
ROL 

1 IX 




2 
SEC 

1 INH 


2 
ADC 

2 IMM 


3 
ADC 
2 DIR 


4 
ADC 
3 EXT 


5 
ADC 

3 1X2 


4 
ADC 

2 1X1 


3 
ADC 

1 IX 


9 

1001 


A 

1010 


BRSET5 

3 BTB 


5 
BSET5 

2 BSC 


3 
BPL 

2 REL 


5 
DEC 

2 DIR 


3 

DECA 

1 INH 


DECX 

1 INH 


6 
DEC 

2 1X1 


5 

DEC 

1 IX 




2 
CLI 

1 INH 


2 
ORA 

2 IMM 


3 

ORA 

2 DIR 


4 
ORA 

3 EXT 


5 
ORA 

3 1X2 


4 
ORA 

2 1X1 


3 

ORA 

1 IX 


A 

1010 


B 

ion 


5 

BRCLR5 

3 BTB 


5 
BCLR5 
2 BSC 


3 
BMt 

2 REL 














2 

SEI 

1 INH 


2 
ADD 

2 IMM 


3 
ADD 

2 DIR 


4 

ADD 

3 EXT 


5 
ADD 

3 1X2 


4 

ADD 

2 1X1 


ADD 

1 IX 


6 

1011 


C 

1100 


1 
BRSET6 

3 BTB 


BSET6 

2 BSC 


3 
BMC 

2 REL 


5 
INC 
2 DIR 


3 
INCA 

1 INH 


3 
INCX 

1 INH 


6 
INC 

2 1X1 


5 
INC 

1 IX 




2 
RSP 

1 INH 




2 
JMP 
2 DIR 


3 
JMP 
3 EXT 


4 
JMP 
3 1X2 


3 
JMP 

2 1X1 


2 
JMP 

1 IX 


c 

1100 


D 

1101 


P 1 
BRCLR6 

3 BTB 


BCLR6 


BMS 

2 REL 


4 

TST 


3 
TSTA 

1 INH 


3 

TSTX 

1 INH 


5 
TST 

2 1X1 


4 

TST 

1 IX 




2 
NOP 

1 INH 


6 

BSR 

2 REL 


6 
JSR 

2 DIR 


6 
JSR 

3 EXT 


7 
JSR 

3 1X2 


6 
JSR 

2 1X1 


5 
JSR 

1 IX 


D 

1101 


E 
1110 


BRSET7 
3 BTB 


BSET7 


3 
BIL 
2 REL 












2 
STOP 

1 INH 




2 
LDX 

2 IMM 


3 
LDX 
2 DIR 


4 

LDX 

3 EXT 


5 
LDX 

3 1X2 


4 

LDX 

2 1X1 


3 
LDX 

1 IX 


E 
1110 


F 
1111 


BRCLR7 

3 BTB 


BCLR7 
2 BSC 


3 
BIH 

2 REL 


5 
CLR 
2 DIR 


CLRA 

1 INH 


CLRX 

1 INH 


6 

CLR 

2 1X1 


5 

CLR 

1 IX 


2 
WAIT 

1 INH 


2 
TXA 

1 INH 




4 
STX 

2 DIR 


5 
STX 

3 EXT 


6 
STX 

3 1X2 


5 

STX 

2 1X1 


4 
STX 

1 IX 


F 
1111 



Abbreviationt for Address Modes 



LEGEND 



ai 

l%5 
CO 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIB 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed, 1 Byte (8-Bit) Offset 


1X2 


Indexed, 2 Byte (16-Bit) Offset 







F ^ ■■ 








1111.«__ 




^^^ 




3 
w CI ip^ 


0000-*^ 


^-^ 






1 /iX^ 












Cycles - 



Opcode in Hexadecimal 
Opcode in Binary 

• Address Mode 



o 
o 

o> 

00 

o 
en 

O 
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TABLE 10 - IN 


STRUCTION SET 


















Addressing Modes | C 


ondition Codea | 


Inherent 


Imnr^ediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
<8Bits) 


Indexed 
(16 Bhs) 


Bit 
Set/ 
Clear 


BH 

Testa ¥ 
Branch 


i 1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


X 






i • 


A 


A 


A"" 


ADb 




X 


X 


X 




X 


X 


X 






["▼ 


X 


X 


X" 


AND 




X 


X 


X 




X 


X 


X 








A 


A 


• 


ASL 


X 




X 






X 


X 










A 


A 


A 


ASR 


X 




X 






X 


X 










A 


A 


A 


BCC 










X 














• 


• 


• 


BCLR 


















X 






€ 


W 


'¥"" 


BCS 










X 














«' 


w 


% 


BEQ 










X 














• 


• 


• 


BHCC 










X 














• 


• 


•" 


BHCS 










X 














• 


« 


# 


BHI 










X 














• 


• 


• 


BHS 










X 














• 


• 


4 


BIH 










X 
















w 


• 


BIL 










X 














• 


• 


• 


BIT 




X 


X 


X 




X 


X 


X 








A 


A 


4 


BLO 










X 














• 


• 


• 


BLS 










X 














• 


• 


# 


BMC 










X 














• 


• 


# 


BMI . 










X 












a • 


• 


• 


• 


BMS 










X 














• 


• 


• 


BNE 


. 








X 














* 


• 


4 


BPL 










X 














• 


• 


• 


BRA 










X 














• 


• 


4 


BRN 










X 














• 


• 


4 


BRCLR 




















X 




* 


4 


A 


BRSET 




















X 




• 


• 


A 


BSET 


















X 






• 


• 


• 


BSR 










X 














4 


4 


4 


CLC 


X 






















• 


• 





CLI 


X 






















• 


• 


• 


CLR 


X 




X 






X 


X 










6 


1 


• 


CMP 




X 


X 


X 




X 


X 


X 








A 


A 


A 


COM 


X 




X 






X 


X 










A 


A 


i"" 


CPX 




X 


X 


X 




X 


X 


X 








A 


A 


A 


DEC 


X 




X 






X 


X 










A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 








A 


A 


'¥"" 


INC 


X 




X 






X 


X 








4 4 


A 


A 


• 


JMP 






X 


X 




X 


X 


X 








* 


4 


# 


JSR 






X 


X 




X 


X 


X 








• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 








A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 








A 


A 


4 


LSL 


X 




X 






X 


X 










A 


A 


A 


LSR 


X 




X 






X 


X 










6 


A 


A 


NEG 


X 




X 






X 


>( 










A 


A 


A 


NOP 


X 






















• 


i 


4 


ORA 




X 


X 


X 




X 


X 


X 








A 


A 


4 


ROL 


X 




X 






X 


X 










A 


A 


A 


ROR 


X 




X 






X 


X 










A 


A 


A 


RSP 


X 






















• 


• 


• 


RTI 


X 






















? 


7 


/ 


RTS 


X 






















• 


4 


4 


SBC 




X 


X 


X 




X 


X 


X 








A 


A 


A 


SEC 


X 






















• 


• 


1 


SEI 


X 






















• 


• 


• 


STA 






X 


XL 




X 


X 


X 








A 


A 


• 


STOP 


X 






















• 


4 


4 


STX 






X 


X 




X 


X 


X 








A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 








A 


A 


A 


SWI 


X 






















« 


4 


4 


TAX 


X 






















• 


• 


4 


TST 


X 




X 






X 


X 










A 


A 


• 


TXA 


X 






















• 


.• 


• 


WAIT 


X 




















4 


4 


4 


* 



Condition Code Symbols 

H Half Carry (From Bit 3) 

I Interrupt Mask 

N Negative (Sign Bit) 

Z Zero 

C Carry/ Borrow 



A Test and Set if True. Cleared Otherwise. 

• Not Affected 

? Load CC Register From Stack 

Cleared 

1 Set 
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To minimize power consumption, all unused ROM locations 
should contain zeros. 

Master-Device Method 

EPROMs — 2716 EPROMs, programmed with the customer 
program (positive logic sense for address and data), may be 
submitted for pattern generation. Fill out Customer Information 
of ROM Information Sheet. The EPROMs must be clearly 
marked to indicate which EPROM corresponds to which 



CDP6805G2 

address mapping. Note that the first 128 (0000-007F) bytes of 
EPROM 1 correspond to the CDP6805G2 internal RAM and I/O 
ports and will be Ignored when generating ROM masks. Only 
the first 176 (0000-OOAF) bytes of EPROM 2 represent user 
ROM in the CDP6805G2 and all other locations are ignored. 
EPROM 3 may be replaced by filling out vector list on ROM 
Information Sheet since there are only 10 bytes. After the 
EPROMs are marked they should be placed in conductive IC 
carriers and securely packed. Do not use styrofoam. 



XXX 



0000 



XXX 



.0800 



XXX 



1800 



XXX ^ Customer ID 

Fig. A-1 - EPROM marking. 



ROM INFORMATION SHEET 



OPTION LIST 



Select the options for your MCUfrom the following lislt. A manufacturing mask will be generated from this Information. 
Select one in each section. 



Internal Oscillator Input 
Crystal 
D Resistor 

Internal Divide 
D -4-4 
a ^2 

Interrupt 

O Edge-Sensitive 

D Level- and Edge-Sensitive 

VECTOR LIST 

Timer Interrupt from Walt State Only _ 



Column 28 of Option Card 
OorN 
1 orP 

Column 29 of Option Card 
OorN 
1 orP 

Column 30 of Option Card 
OorN 
1 orP 



Timer Interrupt . 



External Interrupt . 

SWI 



RESET . 



CUSTOMER INFORMATION 

Customer Name 



Address . 



City- 



-State- 



.Zip_ 



Phone ( 



-Extension- 



Contact Ms./Mr.- 



Customer Part No. . 



PATTERN MEDIA 

D 6805G2 
D EPROM 
D Card Deck 
D Other' 

•Other media require factory approval. 

Signature 

Title 



I 
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DATA PROGRAMMING INSTRUCTIONS 



When a customer submits instructions for programming 
RCA custom ROM's, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Programming 
instructions may be submitted in any one of three ways, as 
follows: 

Computer-Card Deck— use standard 80-column com- 
puter punch cards. 

Floppy Diskette— diskette Information must be gen- 
erated on an RCA CDP1800-series microprocessor 
development system. 



1. 



3. Master Device— a ROM, PROM, EPROM or CDP6805G2 
that contains the required programming information. 

The requirements for each method are explained in detail in 
the following paragraphs: 

Computer-Card Method 

Use standard 80-column computer cards. Each card deck 
must contain. In order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 



TITLE CARD 



Column No. 


Data 


1 


Punch T 


2-5 


leave blank 


6-30 


Customer Name (start at 6) 


31-34 


leave blank 


35-54 


Customer Address or Division (start at 35) 


55-58 


leave blank 


59-63 


RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


64 


leave blank 


65-71 


RCA device type, without CDP68 prefix, e.g. 05G2 


72 


Punch an opening parenthesis ( 


73 


Punch 8 


74 


Punch a closing parenthesis ) 


75-78 


leave blank 


79-80 


Punch a 2-digit decimal number to indicate the deck number; 




the first deck should be numbered 01 



OPTION CARD 



Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. 


Data 


1-6 


Punch the word OPTION 


7 


leave blank 


8-17 


RCA device type, including CDP68 prefix, e.g. CDP6805G2 


18-27 


leave blank 


28-30 


Punch P or N per ROM Information Sheet 


31-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in 




columns 79-80 of the title card) 



DATA-FORMAT CARD 



the data-format card specifies the form in which the data is to be entered into ROM. 


Column No. 


Data 


1-11 


Punch the words DATA FORMAT 


12 


leave blank 


13-15 


Punch the letters HEX 


16 


leave blank 


17-19 


Punch PCS 


20-78 


leave blank 


79-80 


Punch the deck number (the 2-digit number in 




columns 79-80 of the title card) 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 
DATA CARDS 



The data cards contain the hexadecimal data to be programmed into the ROM device. 


1 


Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


Column No. 


Data 




Column No. 


Data 


1-4 


Punch the starting address 


26-27 


2 hex digits of 9th WORD 




in hexadecimal for the 




28-29 


2 hex digits of 10th WORD 




following data.* 




30 


Blank 


5 


Blank 




31-32 


2 hex digits of 11th WORD 


6-7 


2 hex digits of 1st WORD 




33-34 


2 hex digits of 12th WORD 


8-9 


2 hex digits of 2nd WORD 




35 


Blank 


10 


Blank 




36-37 


2 hex digits of 13th WORD 


11-12 


2 hex digits of 3rd WORD 




38-39 


2 hex digits of 14th WORD 


13-14 


2 hex digits of 4th WORD 




40 


Blank 


15 


Blank 




41-42 


2 hex digits of 15th WORD 


16-17 


2 hex digits of 5th WORD 




43-44 


2 hex digits of 16th WORD 


18-19 


2 hex digits of 6th WORD 




45 


Semicolon, blank If last card 


20 


Blank 








21-22 


2 hex digits of 7th WORD 




46-78 


Blank 


23-24 


2 hex digits of 8th WORD 




79-80 


Punch 2 decimal digits 


25 


Blank 






as in title card 



*The address block must start at 0080 and run through 08AF. Column 4 must be zero. One additional card starting at 1 FFO is required to 
specify vectors. Note that as the sample program card shows, the 1FF0 card must contain 16 data words. Zeros are used to fill unused 
locations 1 FFO— 1FFS. 

OPTION DATA CARD 



12 345678 9 10111 t2 13 14 15 1617 18 1920 21 22 23 24 25 2627 28 2930 31 32 3334 35 3637 38 3940 41 4243 44 4546474849 50 51 525354 5556 5758596061 626364 65666768697071 7273 74 7576 77 78 79 80 
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S 
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<? 
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^ 
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2 
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8 
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PT \ on COP 
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8 
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Z 
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^) 
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WAIT STATE ONLY 
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TIME]? INTERRUPT 
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EXTERNAL 
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CDP6805 FAMILY 





CDP6805E2 Available Now CDP6805G2 


Technology 


CMOS 


CMOS 


Number of Pins 


40 


40 


On-Chip RAM (Bytes) 


112 


112 


On-Chip User ROM (Bytes) 


None 


2K 


External Bus 


Yes 


None 


Bidirectional I/O Lines 


16 


32 


Undirectional I/O Lines 


None 


None 


Other I/O Features 


Timer 


Timer 


EPROM Version 


None 


None 


STOP and WAIT 


Yes 


Yes 





CDP6805F2 


Technology 


CMOS 


Number of Pins 


28 


On-Chip RAM (Bytes) 


64 


On-Chip User ROM (Bytes) 


IK 


External Bus 


None 


Bidirectional I/O Lines 


20 


Undirectional I/O Lines 


None 


Other I/O Lines 


Timer 


EPROM Version 


None 


STOP and WAIT 


Yes 



OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525. "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 

Operating Voltage 
During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause Vqd "" Vss to exceed the absolute maximum 
rating. 



Input Signals 

To prevent damagetotheinput protection circuit, Input 
signals should never be greater than Vcc nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or Vss. whichever Is appropriate. 
Output Short Circuits 
Shorting of outputs to Vqd. Vcc. or Vss ^^V damage 
CMOS devices by exceeding the maximum device 
dissipation. 



ORDERING INFORMATION 

RCA Microprocessor device packages are identified by 
letters indicated in the following chart. When ordering a 
Microprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 
Package Suffix Letter 

Dual-in-Llne Side Brazed Ceramic D 

Dual-in-Line Plastic E 

For example, a CDP6805G2 in a dual-In-line plastic package 
will be identified as the CDP6805G2E. 
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Objective Data 



CDP6818 



NC — 


, ^ 24 


— Vdo 


0SC1 


2 23 


— SOW 


0SC2 


3 22 


— PS 


ADO — 


4 21 


CK OUT 


AD1 


5 20 


CKFS 


A02 — 


6 19 


— IRQ 


A03 1 


7 18 


— REser 


AD4 — H 


8 17 


DS 


ADS 1 


9 16 


NC 


AD6 


10 15 


R/W 


AD7 


II 14 


AS 


vss — 


12 13 


Cl 




TOP VIEW 




92CS-35II5 


TERMINAL ASSIGNMENT 



CMOS Real-Time Clock with RAM 

Features: 

• Low-Power, High-Speed, High-Density CMOS 

• Internal Time Base and Oscillator 

• Counts Seconds, Minutes, and Hours of the Day 

• Counts Days of the Week, Date, Month, and Year 

• 3 V to 6 V Operation 

• Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 
32.768 kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• 40 to 200 /tW Typical Operating Power at Low Frequency Time Base 

• 4.0 to 20 mW Typical Operating Power at High Frequency Time 
Base 

• Binary or BCD Representation of Time, Calendar, and Alarm 

• 12- or 24-Hour Clock with AM and PM in 12-Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 



The CDP6818 Real-Time Clock plus RAM is a peripheral 
device which includes the unique MOTEL concept for use with 
various microprocessor, microcomputers, and larger comput- 
ers. This part combines three unique features: a complete 
time-of-day clock with alarm and one hundred year calendar, 
a programmable periodic interrupt and square-wave genera- 
tor, and 50 bytes of low-power static RAM, The CDP681 8 uses 
high-speed CMOS technology to interface with 1 MHz proces- 
sor buses, while consuming very little power. 

The Real-Time Clock plus RAM has two distinct uses. First, it 
is designed as a battery powered CMOS part (in an otherwise 
NMOS/TTL system) including all the common battery 
backed-up functions such as RAM, time, and calendar. Sec- 
ondly, the CDP681 8 may be used with a CMOS microproces- 
sor to relieve the software of the timekeeping workload and to 
extend the available RAM of an MRU such as the CDP6805E2. 



• Microprocessor Bus Compatible 

• MOTEL Circuit for Bus Universality 

• Multiplexed Bus for Pin Efficiency 

• Interfaced with Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

• Status Bit Indicates Data Integrity 

• Bus Compatible Interrupt Signals ifRQ) 

• Three Interrupts are Separately Software Maskable and Testable 

• Time-of-Day Alarm, Once-per-Second to Once-per-Day 

• Periodic Rates from 30.5 fis to 500 ms 

• End-of-Clock Update Cycle 

• Programmable Square-Wave Output Signal 

• Clock Output May Be Used as Microprocessor Clock Input 

• At Time Base Frequency +1 or +4 

• 24-Pin Dual-ln-Line Package 

• Chip Carrier Also Available 



/ss •► I—- 




^ 



Clock I » CKOUT 

-CKFS 



fTC> 



-M-M 



T7= 



I 



J 



Clack, Alarm, 

Calendar RAM 

1 10 Bvlas) 



Fig. 7 ~ Block diagram. 
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MAXIMUM RATINGS (Voltages referenced to Vss) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8 


V 


All Input Voltages Except 0SC1 


Vin 


Vss-0.5toVDD + 0.5 


V 


Current Drain per Pin Excluding 
Vdd and Vss 


1 


10 


mA 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


^stg 


-55 to +150 


.°c 



DC ELECTRICAL CHARACTERISTICS (Vdd = 5 Vdc ± 10%, Vss = Vdc, Ta = 0^ to 70°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


^osc 


32.768 


4194.304 


kHz 


Output Voltage 
•Load<10MA 


Vol 


- 


0.1 


V 


VOH 


vdd-0.1 


- 


Idd - Bus Idle 
CKOUT = fosc. CL=15pF; SOW Disabled, CE = Vdd-0.2; Cl (0SC2) = 10 pF 
fQ5^ = 4. 194304 MHz 
fosc = 1 048516 MHz 
fosc = 32.768kHz 


'DDI 
IdD2 
lDD3 


- 


5 

2 

200 


mA 
mA 

mA 


Idd - Quiescent 
fosc = DC; 0SC1 = DC; 
All Other lnputs = Vdd-0.2 V; 
No Clock 


IdD4 




100 


mA 


Output High Voltage 
<'Load= - "l-S mA, All Outputs Except IRQ, 0SC2, and SOW, lLoad= - 10 mA) 


VOH 


4.1 


- 


V 


Output Low Voltage 
<'Load=1-6 mA, All Outputs Except 0SC2, IRQ, and SQW, lLoad=''0 mA) 


Vol 


- 


0.4 


V 


Input High Voltage CKFS, AD0-AD7, DS, AS, R/W, CE, PS 

RESET 
0SC1 


V|H 


Vdd -2 
Vdd -0.8 
Vdd-1 


Vdd 

Vdd. 

Vdd 


V 


Input Low Voltage AD0-AD7, DS, AS, R/W, Cl 

CKFS, PS, RESET 
0SC1 


V|L 


Vss 
Vss 
Vss 


0.8 

0.8 

^0.8 


V 


Input Current All Inputs 


hn 


- 


±1 


liA 


Three-State Leakage AD0-AD7 


'TSL 


- 


±10 


mA 



BUS TIMING (Vdd = 5 Vdc ± 10%, Vss = Vdc, Ta = 0° to 70°C unless otherwise noted) 



Ident. 
Number 


Characteristics 


Symbol 


Min 


Max 


Unit 


1 


Cycle Time 


tcyc 


953 


DC 


ns 


2 


Pulse Width, DS/E Low or RD/WR High 


PWel 


300 


- 


ns 


3 


Pulse Width, DS/E High or RD/WR Low 


PWeh 


325 


- 


ns 


4 


Clock Rise and Fall Time 


tr. tf 


- 


30 


ns 


8 


R/W Hold Time 


tRWH 


10 


- 


ns 


13 


R/W Setup Time Before DS/E 


tRWS 


15 


- 


ns 


14 


Chip Enable Setup Time Before AS/ALE Fall 


tcs 


55 


- 


ns 


15 


Chip Enable Hold Time 


tCH 





- 


ns 


18 


Read Data Hold Time 


tDHR 


10 


100 


ns 


21 


Write Data Hold Time 


tDHW 





- 


ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


tASL 


50 


- 


ns 


25 


Muxed Address Hold Time 


tAHL 


50 


- 


ns 


26 


Delay Time DS/E to AS/ALE Rise 


tASD 


50 


- 


ns 


27 


Pulse Width, AS/ALE High 


pwash 


100 


- 


ns 


28 


Delay Time, AS/ ALE to DS/E Rise 


tASED 


90 


- 


ns 


30 


Peripheral Output Data Delay Time From DS/E or RD 


tDDR 


20 


240 


ns 


31 


Peripheral Data Setup Time 


tDSW 


220 


- 


ns 



Note: Designations E, ALE, RD and WR refer to signals from non-6805 type microprocessors. 
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NOTE: VhiGH = Vdd-2.0V, Vlow = 0-8V. forVDD = 5 0V ±10% 



<. 



f 



0- 



-V 



-Kl) 



>^: 



© 



.M. 



> 



t^— ® 



,^ 



F/g. 2 — CDP6818 bus timing waveforms. 
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ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



CE (Chip Enable) 



AD0-AD7 
(Address/ Data Bus) 



ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



CE (Chip Enable) 



AD0-AD7 
(Address/ Data Bus) 



A 



A 



^^. 



::^ 



^ 



@ 




® 



< 



Vhigh 
Vlow 



■<i> 



/ 



Z\ 



^w 



<!)- 



'/ 



Address 
Valid 



:^ — 1[ 



-K£) 



•1© 



Read Data 
Valid 






Fig. 3 — Bus-read timing competitor multiplexed bus. 
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Vlow 
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A 
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•*■%*' 



Address 
Valid 



:i: 



-(3>- 



® 



.m. 



t@ 



Write Data 
Valid 



> 



NOTE: Vhigh = VdD- 2.0 V, VloW = 0.8V, for Vdd = 5.0 V ±10% 

fig. 4 — Bus-write timing competitor multiplexed bus. 
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TABLE 1 - SWITCHING CHARACTERISTICS (Vdd = 5 Vdc ± 10%. Vss = Vdc, Ta = 0° to 70°C) 



Description 


Symbol 


MIn 


Max 


Unit 


Oscillator Startup 


tRC 


— 


100 


ms 


Reset Pulse Width 


tRWL 


5 


— 


MS 


Reset Delay Time 


^RLH 


5 


— 


US 


Power Sense Pulse Width 


tPWL 


5 


— 


US 


Power Sense Delay Time 


tPLH 


5 


— 


MS 


IRQ Release from DS 


tIRDS 


2 


— 


MS 


IRQ Release from RESET 


t|RR 


2 


— 


MS 


VRT Bit Delay 


tVRTD 


2 


— 


MS 



DS 



RESET 




IRQ 

tIRDS 
NOTE: VhigH = Vdd-2.0 V, VloW = 0-8V, for Vdd = 5.0 V +10% 



Fig. 5 — IRQ release delay timing waveforms. 
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Fig. 6 — TTL equivalent test load. 



533 



RCA CMOS LSI Products 



CDP6818 



Vdd Pin 



OV 



RESET Pin 




CKOUT Pin 



Vdd 



Vdd Pin 



OV 



PS Pin 



VRT Bit 



-tRC ■ 



rLTLrLrUjjinn 



Fig. 7 — Power-up timing waveforms. 
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Oi 1j — I o 



(7) The VRT bit is set to a "1" by reading Control Register #D. There is no additional way to clear the VRT Bit (see section on VRT). 



Fig. 8 — Conditions that clear VRT bit timing waveforms. 
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MOTEL 

The MOTEL circuit is a new concept tiiat permits the 
C OP6818 to be directly interfaced with nnany types of micro- 
p r ocessors. No external logic is needed to adapt to the differ- 
e,/nces in bus control signals from common multiplexed bus 
microprocessors. 

Practically all microprocessors interface with one of two 
fsynchronous bus structures. 

The MOTEL circuit is built into peripheral and memory ICs to 
permit direct connection to either type of bus. An industry 
standard bus structure is now available. The MOTEL concept 
is shown logically in Figure 9. 



CPP6818 

MOTEL selects one ofjwo interpretations of two pins. In the 
6805 case, DS and R/W are gated together to produce the 
internal read enable. Thejnternal write enable is a similar 
gating of the inverse of R/W. With competitor buses, the inver- 
sion of no and WR create functionally Identical internal read 
and write enable signals. 

The CDP681 8 automatically selects the processor type by 
using AS/ ALE to latch the state of the DS/RD pin. Since DS is 
always low and rO is always high during AS and ALE, the latch 
automatically indicates which processor type is connected.. 
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Fig. 9 — Functional diagram of MOTEL circuit. 



SIONAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major inlternal functions of the CDP6818 Real-Time 
Clock plus RAM. The following paragraphs describe the func- 
tion of each pin. 

vdd» Vss 

DC power is provided to the part on these two pins, Vdd 
being the most positive voltage. The minimum and max- 
imum voltages are listed in the Electrical Characteristics 
tables. 



AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen- 
cies. The crystal connections are shown in Figure 11 and the 
crystal characteristics in Figure 12. 

CKOUT - CLOCK OUT, OUTPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se- 
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 



I 



OSCl, 0SC2 - TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OS CI as shown in Figure 10. The time-base fre- 
quency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant 



CKFS - CLOCK OUT FREQUENCY SELECT, INPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. CKFS tied to Vdd dauses CKOUT to be 
the same frequency as the time base at the 0SC1 pin. When 
CKFS is at Vss. CKOUT is the 0SC1 time-base frequency 
divided by four. Table 2 summarizes the effect of CKFS. 
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4.194304 MHz 

or 
1.048576 MHz 

or 
32.768 kHz 



Vdd 

Optional 
(Vdd-10 V) 



(Open) 




Fig. 10 — External Time-base connection. 

2 



4.194304 MHz 
1.048576 MHz L— J 




Fig. 11 — Crystal oscillator connection. 

Crystal Equivalent Circuit 
LI CI RS 



AAAr 



CO 



^D^ 



w 


4.194304 MHz 


1.048576 MHz 


Rs max 


75 


400 


CO max 


7pF 


5pF 


CI 


0.012 pF 


0.008 pF 


Cin/Cout 


15-30 pF 


15-40 pF 


Q 


50k 


35 k 



Fig. 12 ■— Crystal parameters. 
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TABLE '■ 2 - CLOCK OUTPUT FREQUENCIES 



Time Bas* e 

(0SC1) 
Frequencv ' 


Clock Frequency 

Select Pin 

<CKFS) 


Clock Frequency 
Output Pin 
(CKOUT) 


4.194304 MH.z 


High 


4.194304 MHz 


4.194304 MHz ' 


Low 


1.048576 MHz 


1.048576 MHz 


High 


1.048576 MHz 


1.048576 MHz 


Low 


262.144 kHz 


32.768 kHz 


High 


32.768 kHz 


32.768 kHz 


Low 


8.192 kHz 



SQW - SQUARE V VAVE, OUTPUT 

The SQW pin can output a signal one of 15 of the 22 
internal-divider stagei 3. The frequency ar.^d output enable of 
the SQW may be altere d by programming f^isgister A, as shown 
in Table 5. The SQW si^ gnal may be turned o n arid off using a bit 
in Register B. 



AD0-AD7 - MULTIPL .EXED BIDIRECTIONAL 
ADDRESS/DATA BUS ! 

Multiplexed bus proce ^ssors save pins by presenting the 
address during the first p ortion of the bus cycl e and using the 
same pins during the sec 'ond portion for data. Address-then- 
data multiplexing does i not slow the acces s time of the 
CDP6818 since the bus rt eversal from address to data is oc- 
curring during the internal RAM access time. 

The address must be vai lid just prior to the falUif AS/ ALE at 
which time the CDP6818 latches the address from ADO to 
ADS. Valid write data must b\ e presented and held s table during 
the latter portion of the DS c or WIT pulses. In a read cycle, the 
CDP681_8 outputs 8 bits of d ata during the latter pc^rtion of the 
DS or RD pulses, then cea s*9S driving the bus (returns the 
output drivers to three-state ) when DS falls in thrs case of 
MOTEL or RD rises in the otfuer case. 



AS - MULTIPLEXED ADDF ^ESS STROBE, INPUT 

A positive going multiplexed c address strobe pulse se rves to 
demultiplex the bus. The falling odge of AS or ALE caustes the 
address to be latched within tihe CDP6818. The automatic 
MOTEL circuitry in the CDP681 i 3 also latches the state of the 
DS pin with the falling edge of / \S or ALE. 



DS — DATA STROBE OR RE/ ^D, INPUT 

The DS pin has two interpretati ons via the MOTEL circuit. 
When emanating from a 6800 type processor, DS is a positi\/e 
pulse during the latter portion of thei bus cycle, and is various, ly 
called DS (data strobe), E (enable), and 02 (02 clock). During, "^ 
read cycles, DS signifies the time tl hat the RTC is to drive the 
bidirectional bus. In write cycles, the trailing edge of DS 
causes the Real-Time Clock plus RAM to latch the written 
data. 

The se cond MOTEL interpretatii on of DS is that of RD, 
MEMR, or I/OR ema.ating from a cc )mpetitortype processor. 
In this case, DS identifies the time p eriod when the real-time 
clock plus RAM drives the bus with reload data. This interpreta- 
tion of DS is also the same as an OLJtput-enable signal on a 
typical memory. 

The MOTEL circuit, within the CDPe >81 8, latches the state of 
theDSpinonthefallingedgeofAS/AL E. When the 6800 mode 
of MOTEL is desired DS must be low di uring AS/ ALE, which is 



CDP6818 

the case with the CDP6805 family of multiplexed bits proces- 
sors. To insure the competitor mode of MOTEL, the DS pin 
must remain high during the time AS/ALE is high. 



R/W - READ/WRITE. INPUT 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. A 
read cycle is indicated with a high level on R/W while DS is 
high, whereas a write cycle is a low_on R/W"during DS. 

The sec ond inte rpret ation o f R/W is as a negative write 
pulse, WR, MEMW, and l/OW from competitor_type proces- 
sors. The MOTEL circuit in this mode gives R/W pin the same 
meaning as the write ("W") pulse on many generic RAMs. 



CE - CHIP ENABLE, INPUT 

The chip-enable (CE) signal must be asserted (low) for a 
bus cycle in which the CDP681 8 is to be accessed. CE is not 
latched and must be stable during D S an d AS (in the 6805 
mode of MOTEL) and during TO and WR (in the competitor 
mode). Bus cycles which take place without asserting CE 
cause no actions to take place within the CDP681 8. When CE 
is high, the multiplexed bus output is in a high-impedance 
state. 

When CE is high, all address, data, DS, and R/W inputs from 
the processor are disconnected within the CDP6818. This 
permits the CDP6818 to be isolated from a powered-down 
processor. When CE is held high, an unpowered device cannot 
receive power through the input pins from the real-time clock 
power source. Battery power consumption can thus be re- 
duced by using a pullup resistor or active clamp on CE when 
the main power is off. 

im — INTERRUPT REQUEST, OUTPUT 

The IRQ pin is an active low output of the CDP6818that may 
be used as an interrupt input to a processor. The IRQ output 
remains low as long as the status bit causing the interrupt is 
present and the corresponding intermpt-enable bit is set. To 
clear the IR Q pin, the processor program normally reads Reg- 
ister C. The RESET pin also clears pending interrupts. 

When no interrupt conditions are present, the ITO level is in 
the high-impedance state. Multiple interrupting devices may 
thus be connected to an IRQ bus with one pullup at the 
processor. 



RESET - RESET, INPUT 



I 



The RESET pin does not aff ect the c lock, calendar, or RAM 
functions. On the powerup, the RESET pin must be held low for 
the specified time, tRLH, in order to allow the power supply to 
stabilize . Figure 13 shows a typical representation of the 
RESET pin circu it. 

When RESET is low the following occurs: 

a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 

b) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

c) Update ended Interrupt Enable (UIE) bit is cleared to 
zero, 

d) Update ended Interrupt Flag (UF) bit is cleared to zero, 

e) Interrupt Request status Flag (IRQF) bit is cleared to 
zero, 

f) Periodic Interrupt Flag (PF) bit is cleared to zero. 
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g) Alarm Interrupt Flag (AF) bit is cleared to zero, 
h) IRQ pin is in high-innpedance state, and 
i) Square Wave output Enable (SQWE) bit is cleared to 
zero. 




Battery 
Backup 



D1 = D2=D3=1N4148 or Equivalent 



Note: If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Vjn requirements. 

Fig. 13 — Typical power-up delay circuit for RESET. 



PS - POWER SENSE, INPUT 

The power-sense pin is used in the control «of the valid 
RAM and time (VRT) bit in Flegister C. When tjne PS pin is 
low ttie VRT bit is cleared to zero. 

During powerup, the PS pin must be exterrwally held low 
for the specified time, tpL. As power is applietri the VTR bit 
remains low indicating that the contents of thj e RAM, time 
registers, and calendar are not guaranteed. ^tA/hen normal 
operation commences PS should be permittf^d to go high. 
Figure 14 shows a typical circuit connection ffor the power- 
sense pin. 



POWER-DOWN CONSIDERATfiONS 

In most systems, the CDP6818 must co ntinue to keep time 
when system power is removed. In such systems, a conver- 
sion from system power to an alternate po v ver supply, usually a 
battery, must be made. During the transihtion from system to 
battery power, the designer of a battery It )acked-up RTC sys- 
tem must protect da.ta integrity, minimize/ power consumption, 
and ensure hardws^re reliability. 

The chip enableJCE) pin controls all bus inputs (R/W, DS, 
AS, AD0-AD7). CFi, when negated, dis< allows any unintend- 
ed modification of the RTC data by the 'bus. CE also reduces 
power consumptJ,on by reducing the r^iumber of transitions 
seen internally. 

Power consunnption may be further reduced by removing 
resistive and capacitive loads from th le clock out (CKOUT) 
pin and the squiarewave (SQW) pin. 

During and after the power sourc e conversion, the V|n 
maximum spec:ification must neveT tje exceeded. Failure to 
meet the V|fvj^ maximum specificeiti on can cause a virtual 
SCR to appe/ar which may result in excessive current drain 
and destruct'ion of the part. 



D1 
System hsj 

Vdd "l^ 



D2 



n- 



Battery 
Backup 



Vdd 

PS 
CDP6818 

VSS 



T 



1.0 k 



0.005 /iF 



D1 = D2= 1N4148 or Equivalent 



ADDRESS MAP 

Figure 15 shows the address; map of the CDP6818. The 
memory consists of 50 general if )urpose RAM bytes, 1 RAM 
bytes wfiich normally contain thie time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are directly 
readabl,e and writable by the proc :essor program except Regis- 
ters and D which are read or ily. Bit 7 of Register A and the 
seconds byte are also read only. Bit 7, of the second byte, 
always reads "0". The content's of the four control and status 
regiat.ers are described in the Register section. 



TrME, CALENDAR, AND ALARM LOCATIONS 

The processor program olotains time and calendar infor- 
mation by reading the appropriate locations. The program 
rriay initialize the time, calendar, and alarm by writing to 
t.hese RAM locations. The contents of the 10 time, calendar, 

and alarm byte may be eithoir binary or binary-coded decimal 

(BCD). 



Fig. 14 — Typical power-up delay circuit for POWER SENSE. 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/ calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 



CDP6818 

O-to-23. The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a"1". 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program. 'Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 ^s at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 ns for the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program. 




13 


14 
Bytes 


00 
OD 


14 
63 


50 
Bytes 
User 
RAM 


OE 
3F 






Seconds 


00 '^ 


1 


Sec Alarm 


01 


2 


Minutes 


02 


3 


Mm Alarm 


03 


4 


Hours 


04 


5 


Hr Alarm 


05 


6 


Day of Wk 


06 


7 


Date of Mo 


07 


8 


Month 


08 


9 


Year 


09 


10 


Register A 


OA 


11 


Register B 


08 


12 


Register C 


00 


13 


Register D 


OD 



> 



Binary 
or BCD 
Contents 



Fig. 15 — Address map. 
TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 



Address 
Location 


Function 


Decimal 
Range 


Da 


... 


Example* I 


Raiiyo 


Binary 
Data Mode 


BCD 
Data Mode 


Binary Data Mode 


BCD Data Mode 





Seconds 


0-59 


$00-$3B 


$00-$59 


15 


21 


1 


Seconds Alarm 


0-59 


$00-$3B 


$00-$59 


15 


21 


2 


Minutes 


0-59 


$00-$3B 


$00-$59 


3A 


58 


3 


Minutes Alarm 


0-59 


$00-$3B 


$00-$59 


3A 


58 


4 


Hours 
(12 Hour Mode) 

Hours 
(24 Hour Mode) 


1-12 
0-23 


$01-10C (AM) and 
$81-$8C (PM) 

$00-$17 


$01-$12 (AM) and 
$81-$92 (PM) 

$00-$23 


05 
05 


05 
05 


5 


Hours Alarm 
(12 Hour Mode) 

Hours Alarm 
(24 Hour Mode) 


1-12 
0-23 


$01-$0C (AM) and 
$81-$8C (PM) 

$00-$17 


$01-$12 (AM) and 
$81-$92 (PM) 

$00-23 


05 
05 


05 
05 


6 


Day of the Week 
Sunday = 1 


1-7 


$01 -$07 


$01 -$07 


05 


05 


7 


Day of the Mo.nth 


1-31 


$01-$1F 


$01 -$31 


OF 


15 


8 


Month 


1-12 


$01-$0C 


$01-$12 


02 


02 


9 


Year 


0-99 


$00-$63 


$00-$99 


4F 


79 



I 



•Example: 5:58:21 Thursday February 1979 
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The three alarm bytes may be used in two ways. When the 
program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is high. The alternate usage is to insert a "don't care" state in 
one or more of three alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to "1", create a "don't 
care" situation. An alarm interrupt each hour is created with 
a "don't care" code in the hours alarm location. Similarly, an 
alarm is generated every minute with "don't care" codes in 
the hours and minutes alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every second. 

STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the pro- 
gram. 

When further CMOS RAM is needed, additional 
CDP681 Bs may be included in the system. The time/calen- 
dar functions may be disabled by holding the dividers, in 
Register A, in the reset state by setting the SET bit in CR2 or 
by removing the oscillator; Holding the dividers in reset 
prevents interrupts or SOW output from operating while set- 
ting the SET bit allows these functions to occur. With the 
dividers clear, the available user RAM is extended to 59 
bytes. Bit 7 of Register A, Registers C and D, and the 
high-order Bit of the seconds byte cannot effectively be used 
as general purpose RAM. 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 fis. The update-ended 
interrupt may be used to indicate to the program that an up- 
date cycle is completed. Each of these independent interrupt 
conditions are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is_already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts. 



When an interrupt event occurs a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software Interrogates, when It wishes. 
When the software detects that the flag is set, it is an indica- 
tion to software that the "interrupt" event occurred since the 
bit was last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to Insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the cor- 
responding interrupt-enable bit is also set, the IRQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A "1" in bit 7 
(IRQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro- 
gram finds IRQF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 



DIVIDER STAGES 

The CDP681 8 has 22 binary-divider stages following the 
time base as shown in Figure 1 . The output of the dividers is a 1 
Hz signal to the update-cycle logic. The dividers are controlled 
by three divider bits (DV2, DV1, and DVO) in Register A. 



DIVIDER CONTROL 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held reset, which allows precision setting of 
the time. When the divider is changed from reset to an 
operating time base, the first update cycle is one second 
later. The divider-control bits are also used to facilitate 
testing the CDP6818. 
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TABLE 4 - DIVIDER CONFIGURATIONS 



Time-Base 
Frequency 


Divider Bits 
Register A 


Operation 
Mode 


Divider 
Reset 


Bypass First 
N- Divider Bits 


DV2 


DV1 


DVO 


4.194304 MHz 











Yes 


- 


N = 


1.048576 MHz 








1 


Yes 


- 


N = 2 


32.768 khz 





1 





Yes 


- 


N = 7 


Any 


1 


1 





No 


Yes 


- 


Any 


1 


1 


1 


No 


Yes 


- 



Note: Other combinations of divider bits are used for test purposes only. 



SQUARE-WAVE OUTPUT SELECTION 

Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal on the SQW pin. Four bits in Register A establish the 
square-wave frequency as listed in Table 5. The SQW fre- 
quency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWE) bit in Register B. Altering the 
divider, square-wave output selection bits, or the SQW 
output-enable bit may generate an asymetrical waveform at 
the time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a fre- 
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audio tones under 
program control. 



PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 fis. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled by the SQWE bit. Similarly the periodic interrupt is 
enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of Inputs from 
contact closures to serial receive bits on bytes. It can be used 
in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 



TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 


Rate Select 
Control Register 1 


4.194304 or 1.048576 MHz 
Tinrie Base 


32.768 kHz 
Tinr^e Base 


Periodic 

Interrupt Rate 

tPI 


SQW Output 
Frequency 


Periodic 

Interrupt Rate 

tPI 


SQW Output 
Frequency 


RS3 


RS2 


RSI 


RSO 














None 


None 


None 


None 













30.517^8 


32.768 kHz 


3.90625 ms 


256 Hz 








1 





61.035 ms 


16.384 kHz 


7.8125 ms 


128 Hz 








1 




122.070 ms 


8.192 kHz 


122.070 ms 


8.192 kHz 





1 








244.141 MS 


4.096 kHz 


244.141ms 


4.096 kHz 





1 







48Q.281 MS 


2.048 kHz 


488.281 MS 


2.048 kHz 





1 


1 





976.562 MS 


1 .024 kHz 


976.562 MS 


1.024 kHz 





1 


1 




1.953125 ms 


512 Hz 


1.953125 ms 


512 Hz 













3.90625 ms 


256 Hz 


3.90625 ms 


256 Hz 












7.8125 ms 


128 Hz 


7.8125 ms 


128 Hz 







1 





15.625 ms 


64 Hz 


15.625 ms 


64 Hz 







1 




31.25 ms 


32 Hz 


31.25 ms 


32 Hz 




1 








62.5 ms 


16 Hz 


62.5 ms 


16 Hz 




1 







125 ms 


8 Hz 


125 ms 


8 Hz 




1 


1 





250 ms 


4 Hz 


250 ms 


4 Hz 




1 


1 




500 ms 


2 Hz 


500 ms 


2 Hz 
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UPDATE CYCLE 

The CDP6818 executes an update cycle once-per- 
second, assuming one of the proper tinne bases is in place, 
the divider is not clear, and the SET bit in Register B is clear. 
The SET bit in the "1" state permits the program to initialize 
the time and calendar bytes by stopping an existirig update 
and preventing a new one from occurring. 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
date cycle takes 248 ^s while a 32.768 kHz time base update 
cycle takes 1984 /iS. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The CDP681 8 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in pro- 
gress tUIP) status bit is set during the interval. 

A program which randomly accesses the time and date in- 
formation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain- the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information. During this 
time a display could be updated or the information could be 
transfered to continuously available RAM. Before leaving the 
interrupt service routine, the IRQF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 ms later. Therefore, if a low 
is read on the UIP bit, the user has at least 244^8 before the 
time/calendar data will be changed. If a "1" is read in the 



UIP bit, the time/ calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
time needed to read valid time/ calendar data to exceed 
244 MS. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit on Register C {me 
fjgure 1 6). Periodic interrupts that occur at intervals greiler 
than tBUC + t(jc allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tp|-i-2)-i-tBUC to insure that 
data is not read during the update cycle. 

REGISTERS 
The CDP681 8 has four registers which are accessible to the 
processor program . The four registers are also fully accessible 
during the update cycle. 



REGISTER A {$0A) 



MSB 














LSB 


b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


UIP 


DV2 


DV1 


DVO 


RS3 


RS2 


RSI 


RSO 



Read/Write 

Register 

except UIP 



UIP - The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1" the 
update cycle is in progress or will soon begin. When UIP is a 
"0" the update cycle is not in progress and will not be for at 
least 244 /ts (for all time bases). This is detailed in Table 6. 
The time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero — it is not 
in transition. The UIP bit is a read-only bit, and is not af- 
fected by Reset. Writing the SET bit in Register B to a "1" 
•inhibit any update cycle and then clear the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 



UIP Bit 


Time Base 
(0SC1) 


Update Cycle Time 

<tuc) 


Mlnlrrtum Time 
Before Update 
Cycle <tBUC) 


1 
1 
1 





4.194304 MHz, 
1.048576 MHz 

32.768 kHz 
4.194304 MHz 
1.048576 MHz 

32.768 kHz 


248 ms 
248 ms 
1984 ms 


244 ms 
244 ms 
244 ms 



UIP bit in 
Register A . 



UF bit in 
Register C 



PF bit in 
Register C . 



tpi 



JllL 



tBUC- 



i 



■tuc 



m. 



tpi 






mL 



-1 



JUL 



tpi = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc.) 
tUC= Update Cycle Time (248 ms or 1984 ms) 
tBUC== Delay Time Before Update Cycle (244 ms) 



Fig. 16 — Update-ended and periodic interrupt relationships. 
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MSB 














LSB 


b7 


b6 


b5 


b4 


b3 


b2 


bl 


bO 


SET 


PIE 


AIE 


UIE 


SQWE 


DM 


24/12 


DSE 



DV2, DV1, DVO - Three bits are used to permit the pro- 
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/ calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed the first update 
cycle begins one second later. These three read/ write bits 
are nev er modified by the RTC and are not affected by 
RESET. 

RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output. The tape selected may be used to generate an output 
square wave (SQW pin) and/or a periodic interrupt. The pro- 
gram may do one of the following: 1) enable the interrupt 
with the PIE bit, 2) enable the SQW output pin with the 
SQWE bit, 3) enable both at the same time at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These four bits are read/ write bits which are not 
affected by RESET and are never changed by the RTC. 

REGISTER B ($0B) 



Read/Write 
Register 



SET - When the SET bit is a "0", the update cycle func- 
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", any update cycle in 
progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of i nitializin g. SET is read/write bit which is not modified 
but RESET or internal functions of the CDP6818. 

PIE - The periodic interrupt enable (PIE) bit is a 
read/write bit which allows the periodic-interrupt flag (PF) 
bit to cause the IRQ pin to be driven low. A program writes a 
"1" to the PIE bit in order to receive periodic interrupts at the 
rate specified by the RS3, RS2, RSI, and RSO bits in Control 
Register A. A zero in PIE blocks IRQ from being initiated by a 
periodic interrupt, but the periodic flag (PF) bit is still set at 
the periodic rate. PIE is not modified by any inte rnal 
CDP681 8 functions, but i^ cleared to "0" by a RESET. 

AIE - The alarm interrupt enable (AIE) bit is a read/write 
bit which when set to a "1" permits the alarm flag (AF) to 
assert IRQ. An alarm interrupt occurs for each second that 
the three time bytes equal the three alarm bytes (including a 
"don't care" alarm code of binary 11XXXXXX). When the 
AIE bit is a "0", the AF bit does not initiate an IRQ signal. 
The RESET pin clears AIE to "0". The internal functions do 
not affect the AIE bit. 

UIE — The UIE (update-ended interrupt enable) bit is a 
read/ write bit w hich en ables the update-end flage (UF) bit to 
assert IRQ. The RESET pin going low or the SET bit going 
high clears the UIE bit. 

SQWE — When the square-wave enable (SQWE) bit is set 
to a "1" by the program, a square-wave signal at the fre- 
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LSB 


b7 


b6 


b5 


b4 


b3 
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bl 


bO 


IRQF 


PF 


AF 


UF 















CDP6818 

quency specified in the rate selection bits (RS3 to RSO) ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW p in is held low. The state of SQWE is cleared by 
the RESET pin. SQWE is a read/write bit. 

DM - The data mode (DM) bit indicates whether time 
and calendar updates are to use binary or BCD formats. The 
DM bit is written by the processor program and may be read 
by the pro gram, but is not modified by any internal functions 
or RESET. A "1" in DM signifies binary data, while a "0" in 
DM specifies binary-coded-decimal (BCD) data. 

24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a "1") or the 
12-hour mode (a "0"). This is a read/write bit, which is af- 
fected only by the software. 

DSE — The daylight savings enable (DSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a "1"). Qn the last Sunday in 
April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1:59:59 AM it changes to 1:00:00 AM. These special updates 
do not occur when the DSE bit is a " 0". DSE is not changed 
by any internal operations or RESET. 

REGISTER C ($00) 



Read-Only 
Register 



IRQF - The interrupt request flag (IRQF) is set to a "^" 
when one or more of the following are true: 

PF=PIE = "1" 

AF=AIE = "1" 

UF=UIE = "1" 
i.e., IRQF=PF.PIE-HAF.AIE-hUF.UIE 

Any time the IRQF bit is a "1", the IRQ pin is driven low. 
All flag bits are cle ared aft er Register C is read by the pro- 
gram or when the RESET pin is low. A program write to 
Status Register 2 does not modify any of the flag bits. 

PF - The periodic interrupt flag (PF) is a read-only bit 
which is set to a "1" when a particular edge is detected on 
the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates an IRQ signal 
and the IRQ F bit when PIE is also a "1 ." The PF bit is cleared 
by a RESET or a software read of Register C. 

AF — A "1" in the AF (alarm interrupt flag) bit indicates 
that the current time has matched the alarm time. A "^" in 
the AF causes the IRQ pin to go low, and a "1" to appe ar in 
the IRQF bit, when the AIE bit also is a "1." A RESET or a 
read of Register C clears AF. 

UF - The update-ended interrupt flag (UF) bit is set after 
each update cycle. When the UIE bit is a "1", the "V in UF 
causes the IRQF bit to be aJT\^sserting FrQ. UF is cleared 
by a Register C read or a RESET. 

b3 TO bO - The unused bits of Status Register 1 are read 
as "O's". They can not be written. 
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REGISTER D ($0D) 

MSB 








LSB 


b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


VRT 
























Read Only 
Register 

VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM. provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are vali d. The 
VRT is a read/only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading the Register D. 

b6 TO bO - The remaining bits of Register D are unused. 
They cannot be written, but are always read as "O's." 



TYPICAL INTERFACING 

The CDP6818 is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. Fig- 
ures 17 and 18 show typical interfaces to bus-compatible 
processors. These interfaces assume that the address decod- 
ing can be done quickly. However, if standard metal-gate 
CMOS gates are used the C£ setup time may be violated. 
Figure 19 illustrates an alternative method of chip selection 
which will accommodate such slower decoding. 

The CDP6818 can be interfaced to single-chip microcom- 
puters (MCU) by using eleven port lines as shown in Figure 20. 
Non-multiplexed bus microprocessors can be interfaced with 
additional support. 
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Fig. 17 — CDP6818 interfaced to CDP6805E2 compatible multiplexed bus microprocessors. 
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Fig. 18 — CDP6818 interfaced to competitor compatible multiplexed bus microprocessors. 
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This illustrates the use of CMOS gating for address decoding. 

Fig. 19 — CDP6818 interface to CDP6805E2 Cl\/IOS multiplexed microprocessor with slow address decoding. 
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Fig. 20 ~ CDP6818 interfaced with the ports of a typical single-chip microcomputer. 



ORDERING INFORMATION 

RCA Microprocessor device packages are identified by 
letters indicated in the following chart. When ordering a 
Microprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 
Package Suffix Letter 

Dual-ln-Line Side-Brazed Ceramic D 

Dual-ln-Line Plastic E 

For example, a CDP6818 in a dual-in-line plastic package 
will be identified as the CDP6818E. 
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TERMINAL ASSIGNMENT 



Objective Data 
CMOS Parallel Interface 



CDP6823 



Features: 

• 24 Individual Programmed I/O Pins 

• MOTEL Circuit for Bus Compatibility with Many Microprocessors 

• Multiplexed Bus Compatible with: CDP6805E2 and Competitive Microprocessors 

• Data Direction Registers for Ports A, B, and C 

• Port C may also be Control Lines for: 

Four Interrupt Inputs 
Input Byte Latch 
Output Pulse 

• 16 Registers Addressed as Memory Locations 

• Handshake Control Logic for Input and Output Peripheral Operation 

• Interrupt Output Pin 

• Reset Input to Clear Interrupts and Initialize Interpol Registers 

• 40-Pin Package 



The CMOS CDP6823 Parallel Interface (PI) provides a univer- 
sal means of interfacing external signals with the CDP6805E2 
CMOS microprocessor, and other multiplexed bus microproc- 
essors. The unique MOTEL circuit on-chip allows direct inter- 
facing to most industry CMOS microprocessors, as well as 
many NMOS MPUs. 

The CDP6823 PI includes three bidirectional 8-bit ports, or 24 



I/O pins. Each I/O line may be separately established as an 
input or an output under program control via data direction 
registers associated with each port. Using the bit change and 
test instructions of the CDP6805E2, each individual I/O pin can 
be separately accessed. All port registers are read/write bytes 
to accommodate read /modify /write instructions. 
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Fig. 1 — Functional diagram. 
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An 8-Chip CMOS Microprocessor System Includes: 
Powerful.8-Bit Processor 
6K Bytes of ROM 
162 Bytes of RAM 
64 Parallel I/O Pins 



Up to 12 System Interrupts: 

Timer Interrupt 

Periodic Interrupt 

Alarm Time Interrupt 

Update Cycle (1 Second)- Interrupt 

Up to 8 External Event Interrupts 
Time-Of-Day and Calendar 
8-Bit Programmable Counter with 7-Bit Prescaler 



Fig. 2 — A typical CMOS microprocessor system. 



Four of the 24 I/O pins have nnultiple functions, The mode of these 
four lines is selected by programnning the Port C Pin Function Select 
Register. Any of the four control pins nr^ay be configured to Initiate 
interrupts to the microprocessor via the IRQ pin. All four interrupts 
have separate programmable enables, status bits, methods of clearing 
the interrupt, and over-run detection. 

The interrupts are enabled and the port handshaking controls are 
established via the content of Control Registers associated with Ports A 
and_B^The interrupt conditions are indicated in a Status Register and 
the IRQ pin is asserted. The interrupts are normally cleared by reading 
or writing the associated port data. Ports A and B each have three 
addresses for reading/ writing data. Two addresses access the data and 
clear an interrupt while the third accesses the data without modifying 
the interrupt status. 





CDP6823 Registers 
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RCA High-Reliability IC Capability 



RCA Solid State is a leading supplier of high-reliability 
integrated circuits to the military and aerospace commun- 
ity. Years of commitment, dedication, experience, and 
know-how make possible shipment of hundreds of thou- 
sands of quality high-reliability microcircuits annually. 

RCA specialists! ully understand the needs of component 
and systems engineers in the design of high-reliability 
equipment, are thoroughly familiar with the objective and 
requirements of MIL-STD-883 and MIL-M-38510. and work 
closely with governmental agencies in the establishment of 
detailed specifications for high-reliability microcircuits. 
Moreover, RCA provides complete facilities for processing 
and testing integrated circuits to these specifications. RCA 
Is justly proud of its many significant accomplishments with 
respect to the development, production and shipment of 
high-reliability integrated circuits, including: 

• First supplier of MIL-M-38510 to attain QPL Class S Part 
One Radiation-Hardness Listing 

• First supplier of MIL-M-38510 CMOS integrated circuits 

• Leader in the production of radiation-resistant CMOS 
microcircuits [to 1 x 10^ rad (Si)] 

• Initiator of scanning-electron-micrOscope (SEM) in- 
spections In the production of high-reliability microcir- 
cuits -— in use at RCA since 1972 

• Initiator of MIL-STD-883, Condition A inspections -- in 
use at RCA since 1972 

• A leading supplier of dielectrically Isolated circuits 

Standard-Product High-ReHability IC's 

RCA offers high-reliability versions of virtually its entire line 
of standard-product integrated circuits from the CD4000 
series of CMOS digital logic types, the CDP1800 series of 
microprocessor and associated memory and input/output 
(I/O) types, and the CA3000 series of bipolar linear types. 
These integrated circuits are processed and screened to 
MIL~STD-883 Class B requirements. Extensive inventories 
are maintained for rapid, off-the-shelf delivery. 

RCA also offers high-reliability versions of standard- 
product types that are processed and screened to special 
customized specifications, especially for the aerospace 
user and others wh o procure types to Class S specif ications. 

RCA maintains an extensive computer file of customer 
specifications and has the methodology required to trans- 
late these customized specifications into Internal RCA 
standards and factory operating procedures. In addition to 
thedetailed device specifications, the computer file lists the 
customer specification number, any revision number, and 
the RCA custom number assigned to a specific device type. 

Radiation-Hardened High-Reliability IC's 

RCA also offers radiation-hardened versions of high- 
reliability (Class S and Class S format) CD4000-series 
CMOS integrated circuits. Radiation-hardened types, 
which are identified by addlton of a "Z" or "J" suffix to the 
device type number, are electrically and mechanically iden- 
tical to their prototype with the exception that they are 
processed and screened to withstand a total gamma- 



radiation dosage of 10^ rads(Si) for Z-suffIx types or 10® 
rads(SI) for J-suff ix types. Selected CDP1 800-series CMOS 
integrated circuits are available to various levels of radia- 
tion hardness, in addition, RCA offers a spectrum of 
radiation-hardened bipolar Integrated circuits that empioy 
dielectric isolation and diode-photocurrent compensation. 

High-Reliability Custom IC's 

RCA has complete custom-circuit capabilities for various 
CMOS and bipolar integrated-circuit technologies. Custom 
circuits are offered whenever this approach to Integrated- 
circuit design Is determined to be economically feasible. 
RCA high-reliability custom Integrated circuits can be pro- 
cessed and screened to MIL-STD-883 Class S and Class B 
specifications. These custom circuits, which are described 
in detail in later sections of this DATABOOK, Include: 

• Gate universal arrays 

• EPIC 8-blt slice microcomputer family and associated 
memory (RAM) complement 

• Radiation-hardened linear IC's 

• Radiation-hardened high-speed bipolar IC's. 




Sample pages of RCA's computer file on standard-product high' 
reliability IC's processed to special custom specifications. The file 
can be accessed by device specification number, by customer or 
by the RCA custom number assigned to the device. 



RCA also provides a broad line of high-reliability discrete solid-state power devices 
(power transistors, triacs, and silicon controlled rectifiers). These devices include types 
qualified as JAN or JANTX devices In accordance with MIL-STD-19500 General 
Specifications and MIL-STD-750 Test Methods, types that are not yet covered by 
military specifications but that are processed and screened to specifications patterned 
after the military standards, and types that are specially designed and processed to 
withstand high radiation enviroments. 
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Supplementary Information 



Dimensional Outlines 

Dual-ln-Line Plastic Packages 



E SUFFIX 




C 1 MMX AMA 

■ te /^ ^ =^ yjtp n n n n n rr 




•OTTOM VIEW 



iTf 



16-Lead 
(JEDEC 



(E&F) 
MO-001-AC) 



SYMBOL 


INCHES J 


NOTE 


MILLIMETERS | 


MIN. 


MAX. 


MIN. 


MAX. 


A 
Al 


0.155 
0.020 


0.200 
0.050 




3.94 
0.51 


5.08 
1.27 


B 


0.014 
0.035 


0.020 
0.065 




0.356 
0.89 


0.508 
1.65 


C 

D 


0.008 
0.745 


0.012 
0.785 


1 


0.204 
18.93 


0.304 
19.93 


E 
El 


0.300 
0.240 


0.325 
0.260 




7.62 
6.10 


8.25 
6.60 


^A 


0.100 TP 
0.300 TP 


2 
2.3 


2.54 TP 
7.62 TP 


L 
4 


0.125 
0.000 


0.150 
0.030 




3.18 
0.000 


3.81 
0.76 


a . 


0° 


150 


4 


0° 


15° 


N 
Nl 


16 



5 
6 


16 



Qi 
s 


0.040 
0.015 


0.075 
0.060 




1.02 
0.39 


1.90 
1.52 



18-Lead 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS | 


MIN. 


MAX. 


MIN. 


MAX. 


A 
Al 


0.155 
0.020 


0.200 
0.050 




3.94 
0.508 


5.08 
1.27 


B 
Bl 


0.014 
0.035 


0.020 
0.065 




0.356 
0.89 


0.508 
1.65 


C 


0.008 
0.845 


0.012 
0.885 


1 


0.204 
21.47 


0.304 
22.47 


El 


0.240 


0.260 




6.10 


6.60 


SA 


0.100 TP 
0.300 TP 


2 
2.3 


2.54 TP 
7.62 TP 


L 


0.125 


0.150 




3.18 


3.81 


°- 


0° 


15° 


4 


0° 


15° 


N 
Nl 


18 



5 
6 


18 



s 


0.015 1 0.060 




0.39 1 1.52 



92CS-30630 



92CM-I5967R4 



20-Lead 




C -] INDEX ARE 

— ZZ^^^ i / « 2 



-gLrFi n n n 



,'^ BOTTOM VIEW 



111 



NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Regis- 
tered and standard Outlines for Solid State Products, 
for rules and general information concerning regis- 
tered and standard outlines. 

2. Protrusions (flash) on the base plane surface shall 
not exceed .25 mm (.010 in.). 

3. The dimension shown is for full leads. "Half" leads 

N N 
are optional at lead positions 1, N, y, y»^1. 

4. Dimension D does not include mold flash or 
protrusions. Moid flash or protrusions shall not 
exceed .25 mm (.010 in.). 

5. This dimension Is controlling when a particular 
combination of body length, lead width and lead 
spacing dimensions would allow lead material to 
overhang the ends of the package. 

6. E is the dimension to the outside of the leads and is 
measured with the leads perpendicular to the base 
plane (zero lead spread). 

7. Dimension Ei does not include moid flash or 
protrusions. 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS 


MIN. 


MAX. 


MIN. 


MAX. 


A 


~ 


0.210 


10 


- 


5.33 


Al 


0.010 


-. 


10 


0.254 


- 


A2 


0.115 


0.195 




2.93 


4.95 


B 


0.014 


0.022 




0.356 


0.558 


B1 


0.045 


0.070 


3 


1.15 


1.77 


C 


0.008 


0.015 




0.204 


0.381 


D 


0.925 


1.040 


4 


23.49 


26.42 


02 


0.005 


_ 


5 


0.13 


- 


E 


0.300 


0.325 


6 


7.62 


8.25 


El 


0.240 


0.280 


7,8 


6.10 


7.11 


«1 


0.090 


0.110 


9 


2.29 


2.79 


©A 


0.300 TP 


10 


7.62 TP 


ee 


_ 


0.410 


11 


- 


10.41 


L 


0.115 


0.150 


10 


2.93 


3.81 


N 


20 


12 


20 


s 


_ 1 _ 


13 


- 1 _ 



92CM-35136 

8. Package body and leads shall be symmetrical around 
center line shown In end view within J2S mm (.010 
in.). 

9. Lead spacing ei shall be non-cumulative and shall 
be measured at the lead tip. This measurement shall 
be made before insertion Into gauges, boards or 
sockets. 

10. This is a basic Installed dimension. Measurement 
shall be made with the device Installed In the seating 
plane gauge (JEDEC Outline No. GS-3, seating 
plane gauge). Leads shall be In true position within 
.25 mm (.010 in.) diameter for dimension eA* 

11. SB is the dimension to the outside of the leads and Is 
measured at the lead tips before the device is 
installed. Negative lead spread is not permitted. 

12. N is the maximum number of lead positions. 

13. Dimension S at the left end of the package must 
equal dimension S at the right end of the package 
within .76 mm (.030 In.). 



I 
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RCA CMOS LSI Products 



Dimensional Outiines (Cont'd) 

Oual-ln-Line Plastic Packages 



E SUFFIX 



22-Lead 




C 1 MOtX AM* 






JjJ •OTTOM VIIW 

II 

u u u u u u u 



rn 

iJJ 



SYMBOL 


INCHES 


NOTE 


JWILUMETERS 1 


MIN. 


MAX. 


MIN. 


MAX. 


A 
Ai 


0.155 
0.020 


0.200 
0.050 




3.94 
0.508 


5.08 
1.27 


B 
Bi 


0.015 
0.035 


0.020 
0.065 




0.381 
0.89 


0.508 
1.65 


C 
D 


0.008 


0.012 
1.120 


1 


0.204 


0.304 
28.44 


E 

El 


0.390 
0.345 


0.420 
0.355 




9.91 
8.77 


10.66 
9.01 


ei 
eA 


0.100 TP 
0.400 TP 


2 
2.3 


2.54 TP 
10.16 TP 


^, 


0.125 



0.150 
0.030 




3.18 



3.81 
0.762 


a 


20 


150 


4 


20 


150 


N 
Ni 


22 




5 
6 


22 



Qi 

S 


0.055 
0.015 


0.085 
0.060 




1.40 
0.381 


2.15 
1.27 



24-Lead 

(JEDEC MO-015-AA) 



92CS-30830 



28-Lead 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS 1 


MIN. 


MAX. 


MIN. 


MAX. 


A 
Al 


0.120 
0.020 


0.250 
0.070 




3.10 
0.51 


6.30 
1.77 


Bl 


0.016 
0.028 


0.020 
0.070 




0.40y 
0.72 


0.508 
1.77 


C 
D 


0.008 
1.20 


0.012 
1.29 


1 


0.204 
30.48 


0.304 
32.76 


E 
El 


0.600 
0.515 


0.625 
0.580 




15.24 
13.09 


15.87 
14.73 


ei 

eA 


0.100 TP 
0.600 TP 


2 
2.3 


2.54 TP 
15.24 TP 


.^. 


0.100 
0.000 


0.200 
0.030 




2.54 
0.00 


5.00 
0.76 


a 


Oo 


150 


4 


CO 


150 


N 
Ni 


24 



5 
6 


24 




Ql 
s 


0.040 
0.040 


0.075 
0.100 




1.02 
1.02 


1.90 
2.54 



SYMBOL 


INCHES 1 


NOTE 


MILLIMETERS 1 


MIN. 


MAX. 


MIN. 


M^AX. 


A 
Al 


.0.120 
0.020 


0.250 
0.070 




3.10 
0.51 


6.30 
1.77 


B 
Bl 


0.016 
0.028 


0.020 
0.070 




0.407 
0.72 


0.508 
1.77 


c 

D 


0.008 
1.400 


0.012 
1.490 


1 


0.204 
35.56 


0.304 
37.85 


El 


0.515 


0.580 




13.09 


14.73 


ei 
eA 


0.100 TP 
0.600 TP 


2 

2,3 


2.54 TP 
15.24 TP 


L 
L2 


0.100 
0.000 


0.200 
0.030 




2.54 
0.00 


5.00 
0.76 


a 


OO 


150 


4 


00 


150 


N 
Ni 


28 



5 
6 


28 



Ql 
S 


0.045 
0.040 


0.080 
0.100 




1.14 
1.02 


2.03 
2.54 



40-Lead 



SYMBOL 


MIN. 


HES 
MAX. 


NOTE 


WIIWI. 


ETERS. 


A 
Al 


0.120 
0.020 


0.2S0 
0.070 




3.10 
0.51 


6.30 
1.77 


B 
Bl 


0.016 
0.028 


0.020 
0.070 




0.407 
0.72 


0.508 


C 
D 


0.008 
2.000 


0.012 
2.090 


1 


0.204 
50.80 


0.304 


El 


0.S15 


0.580 




13.09 


14.73 


ei 
eA 


0.1( 
0.6( 


iOT^ 
)0TP 


2 

2,3 


2.54 
15.24 


TP 
TP 


L 
L2 


0.100 
0.000 


0.200 
0.030 




2.54 
0.00 


6.00 
0.76 


a 


00 ISO 


4 


00 


1S» 


N 
Ni 


40 



5 
6 


40 



S 


0.006 
0.040 


0.095 
0.100 




1.66 
1.02 


2.41 
2.54 



92CS-30959 



NOTES: 92CS-31862 

Refer to Rules for Dimensioning (JEDEC Publication 
No. 95) for Axial Lead Product Outlines. 
1. When this device is supplied solder dipped, the 

maximum lead thickness (narrow portion) will not 

exceed 0.013" (0.33 mm). 



2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition and unit installed. 

3. e/^ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 
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Supplementary Information 



Dimensional Outlines (Cont'd) 

Dual-ln-Llne Side-Brazed Ceramic Pacltages 



D SUFFIX 16-Lead 



%^fflrfrj^(_ 




L 




SYMBOL 


INCHES 


NOTE 


MILLIMETERS | 


MIN. 


MAX. 


MIN. 


MAX. 


A 


- 


0.830 




- 


21.08 


C 


- 


0.200 




- 


5.08 


D 


0.015 


0.021 




0.381 


0.533 


F 


0.045 


0.070 


1 


1.143 


1.778 


G 


0.100 BSC 


1 


2.54 BSC 1 


H 


0.015 


0.090 




0.381 


2.286 


J 


0.008 


0.012 


3 


0.203 


0.304 


K 


0.125 


0.150 




3.175 


3.810 


L 


0.290 


0.310 


2 


7.366 


7.874 


M 


0*^ 


IS* 




0' 


15° 


P 


0.020 


- 




0.508 


- 


N 


16 




16 1 



18-Lead 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS 1 


MIN. 


MAX. 


MIN. 


MAX. 


A 


0.890 


0.915 




22.606 


23.241 


c 


~ 


0.200 






5.080 


D 


0.015 


0.021 




0.381 


0.533 


F 


0.054 REF. 


1 


1.371 REF. 


G 


0.100 BSC 


1 


2.54 BSC 


H 


0.035 


0.065 




0.889 


1.651 


J 


0.008 


0.012 


3 


0.203 


0.304 


K 


0.125 


0.150 




3.175 


3.810 


L 


0.290 


0.310 


2 


7.366 


7.874 


M 


OO 


150 




OO 


150 


P 


0.025 


0.045 




0.635 


1.143 


N 


18 




IS 1 



92CS-27231R1 



92CS-31130 



20-Lead 



Jfe^ 



TT 



Msc n-ttn _ 


r ., 


9\ 

( 


UtAtlMC FLMie V L 


irlf r^ 


^^M 




uinnjT 








— 4 



%^f^. 



SYMBOl 


INCHES 


NOTE 


MILLIMETERS 


MIN. 


MAX. 


MIN. 


MAX. 


A 


0.105 


0.175 


6 


2.667 


4.445 


Al 


0.025 


0.055 


6 


0.635 


1.397 


B 


0.015 


0.021 


— 


0.381 


0.533 


Bl 


0.038 


0.060 


- 


0.965 


1.524 


C 


0.008 


0.015 


— 


0.203 


0.381 


D 


0.970 


1.020 


- 


24.638 


25.908 


E 


0.290 


0.325 


— 


7.366 


8.255 


El 


0.280 


0.310 


5 


7.112 


7.874 


•1 
•A 


0.090 
0.30 


0.110 
DTP 


1 

1>2 


2.286 
7.62 


2.794 
DTP 


L 


0.125 


0.175 


6 


3.175 


4.445 


L2 


0.000 


0.030 


«. 


0.000 


0.762 


a 


o» 


15» 


3 


0" 


15° 


N 


20 


* 


» 


Qi 


0.005 


— 




0.127 


-. 


8 


0.030 


0.065 


- 


0.762 


1.651 



92CM-35139 



I 



NOTES: 

1 . L«ad« within 0.005" (0.1 3 mm) r«dlu» of Tru« Position 
(T.P.) lit 9«ug« pUine wHIi maximum matarlal condition 
and unit Installad. Lead tpucing ai shall 1^ non- 
cumulatlva and shall fot maasurad at tha laad tip. This 
maasurament shall ba mada bafora Insartlon into 
gaugas, boards, or sockats. 

2. SA appiias In zona L2 Whan unit Is installad. 

3. a appllas to spraad iaads prior to installation. 

4. N is tha numbar of tarminal positions. 

5. El doas not inetuda partlclas of paekaga matarlals. 

6. This dimansion shall ba maasurad wrtth tha davica 
saatad In tha sailing plana gauga JEOEC Outllna No. 
QS-3. 
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RCA CMOS LSI Products 



Dimensional Outlines (Cont'd) 

Dual-ln-Llne Side-Brazed Ceramic Paclcages 



D SUFFIX 



%^«t^""l 



22-Lead 




SYMBOL 


INCHES 


NOTE 


MILLIMETERS 1 


MIN. 


MAX. 


MIN. 


MAX. 


A 


1.065 


1.085 




27.06 


27.55 


C 


0.090 


0.150 




2.29 


3.81 


D 


0.017 


0.023 




0.44 


0.68 


F 


0.040 REF. 




1.02 REF. 


G 


0.100 BSC 


1 


2.54 BSC 


H 


0.030 


0.045 




0.77 


1.14 


J 


0.008 


0.012 


3 


0.21 


0.30 


K 


0.125 


0.145 




3.18 


3.68 


L 


0.390 


0.420 


2 


9.91 


10.66 


M 


- 


70 




- 


70 


P 


0.025 


0.050 




0.64 


1.27 


N 


22 




22 1 



92CS-25186R3 



24-Lead 



SYMBOL 


INCHES 


NOTE 


millimeters! 


MIN. 


MAX. 


MIN. 


MAX. 


A 


1.180 


1.220 




29.98 


30.96 


C 


0.085 


0.146 




2.16 


3.68 


D 


0.015 


0.023 




0.39 


0.58 


F 


0.040 REF. 




1.02 REF. 


G 


0.100 BSC 


1 


2.54 BSC 


H 


0.030 


0.070 




0.77 


1.77 


J 


0.008 


0.012 


3 


0.21 


0.30 


K 


0.125 


0.175 




3.18 


4.44 


L 


0.580 


0.620 


2 


14.74 


15.74 


M 


_ 


r 




~ 


r 


P 


0.025 


o.oso 




0.64 


1.27 


N 


24 




~'* 1 



92CS-30986R1 



28-Lead 



40-Lead 



SYMBOL 


INC 


hIES 


NOTE 


MILLIM 


ETERS 


MIN. 


MAX. 


MIN. 


MAX. 


A 


1.380 


1.420 




35.06 


36.06 


c 


0.085 


0.145 




2.16 


3.^ 


D 


0.017 


0.023 




0.43 


0.56 


F 


0.050 REF. 


1 


1.27 REF. 


G 


0. TOO BSC 


1 


2.54 BSC 


H 


0.030 


0.070 




0.76 


1.78 


.J 


0.008 


0.012 


3 


0.20 


0.30 


K 


0.125 


0.175 




3.18 


4.45 


L 


0.580 


0.620 


2 


14.74 


15.74 


IVI 


_ 


70 




^ 


70 


P 


0.025 


0.050 




0.64 


1.27 


N 


28 




28 



92CM-26419R1 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS 


MIN. 


MAX. 


MIN. 


MAX. 


A 


1.980 


2.020 




60.30 


61.30 


C 


0.096 


0.156 




2.43 


3.93 


D 


0.017 


0.023 




0.43 


0.66 


F 


0.080 REF. 




1.27 REF. 


G 


0.100 BSC 


1 


2.64 BSC 


H 


0.030 


0.070 




0.76 


1.78 


J 


0.008 


0.012 


3 


0.20 


0.30 


K 


0.125 


0.175 




3.18 


4.46 


L 


0.580 


0.620 


2 


14.74 


15.74 


M 


- 


70 




- 


70 


P 


0.025 


0.060 




0.64 


1.27 


N 


40 




40 1 










92CM 


I-27029R2 



NOTES: 

1. Leads within 0.005" (0.13 mm) radius of Tru« 
Position at maximum material condition. 

2. Center to center of leads when formed parallel. 

3. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will n 
exceed 0.013" (0.33 mm). 



554 



Supplementary Information 



Dimensional Outlines (Cont'd) 

Dual-ln-Llne Ceramic Pacicage 



D SUFFIX 



16-Lead 



24-Lead 

(JEDEC MO-015-AG) 




NOTES: 

Retar to JEOEC Publication No. 96 for Rutoi for 
DimMMioning AMial Laad Product Outlints. 

1. WNn this dmrioe is suppliwi soldwr-dipfMd, the 
maximum I(MkI thiduwss (narrow portion) will not 
exoaad 0.013" (0.33 mm). 

2. Laads within 0.006 " (0.127 mm) radius of Trua 
Position (TP) at gauga plana with maximum 



3. ai and aA Apply in zone 1.2 whan unit is inttallad. 

4. Applias to spraad laads prior to installation. 

5. N is tha maximum quantity of laad positions. 

6. Nt is tha quantity of allowabia missing laads. 



Ceramic Flat Pack 
K SUFFIX* 



/ 


RMINA 




r 


n 




-H,». . 












-.,-.. 












jj 


r 

1 E Z 




1 














t 1 


. 2 


Js 








- Z) . 


^ 



J 



T 



SYMBOL 


INCHES 


NOTE 


MILLIMETERS | 


MIN. 


MAX. 


MIN. 


MAX. 


A 


0.120 


0.160 




3.05 


4.06 


Al 


0.020 


O065 




051 


1.65 


' B 


0.014 


0.020 




0.356 


0.508 


Bl 


0.035 


0.065 




0.89 


1.65 


C 


O008 


0.012 


1 


0204 


0.304 


D 


0.745 


0.785 




18.93 


19.93 


E 


0.300 


0.325 




7.62 


8.25 


El 


0.240 


0.260 




6.10 


6.60 


ei 


0.100 TP 


2 


2.54 TP 


«A 


0.300 TP 


2.3 


7.62 TP 


L 


0125 


0150 




3.18 


3.81 


L2 


OOOO 


0.030 




OOOO 


076 


a 


OO 


15° 


4 


0° 


150 


N 


16 


5 


16 


N, 





6 





Qi 


O050 


0.085 




1.27 


2.15 


s 


0.015 


0.060 




039 


1.52 



- BASE AND 
SEATING 
PLANE 



92CS-19949R2 



SYMBOL 


INCHES 


I 

NOTE 


MILLIMETERS j 


MIN. MAX. 


MIN. 


MAX. 


A 


0.090 


0.200 




2.29 


5.08 


Al 


0.020 


0.070 




051 


1.78 


B 


0.015 


0.020 




0381 


0.508 


Bl 


0.045 


0.055 




1.143 


1.397 


C 


0.008 


0.012 


1 


0.204 


0.304 


D 


1.15 


1.22 




29.21 


30.98 


E 


0.600 


0625 




15.24 


15.87 


El 


0.480 


0520 




12.20 


13.20 


ei 


0.100 TP 


2 


2.54 TP 


eA 


0.600 TP 


2,3 


15.24 TP 


L 


0.100 


0180 




2.54 


4.57 


L2 


0.000 


0.030 




OOO 


076 


a 


0° 


150 


4 


OO 


150 


N 


24 


5 


24 


Nl 





6 





Ql 


0.020 


0.080 




051 


2.03 


S 


0020 


0060 




051 


1.52 
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SYMBOL 


INCHES 


NOTE 


MILLIMETERSn 


MIN. 


MAX. 


MIN. 


MAX. 


A 


O075 


O120 




1.91 


3.04 


B 


O018 


0022 


1 


0.458 


0.558 


C 


0.004 


0.007 


1 


O102 


0177 


e 


O050 TP 


2 


1.27 TP "1 


E 


0.600 


O700 




15.24 


17.78 


H 


1.150 


1.350 




29.21 


34.29 


L 


0225 


0.325 




5.72 


8.25 


N 


24 


3 


■ 24 1 





"00351 


O070 




0.89 


1.77 


S 


O060 


Olio 


1 


1.53 


2.79 


z 

Z1 


0.700 
O750 


4 
4 


17.78 
19.05 



NOTES: 

1. Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Peripheral Lead Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Zi determine a zone within which all txxly 
and lead irregularities lie. 



I 



*Thls package is used for CD4036K and CD4039AK types only. 
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Application Notes - Abstracts 

ICAN-6315 

COS/MOS Interfacing Simplified 8 

Example of practical circuits for a wide variety of Interfacing 
situations are given in this Note; design constraints are 
included in each case. 

ICAN-6416 

An Introduction to Microprocessors and the 

RCA COSMAC COS/MOS Microprocessor 8 

This Note is an introduction to the fundamentals of micro- 
processors and to the specific capabilities of the RCA 
COSMAC miproprocessor, 

ICAN-6525 

Guide to Better Understanding and Operation of 

COS/MOS Integrated Circuits 6 

This Note recommends specific handling and operating 
practices that minimize the probability of damage to CMOS 
integrated circuits In the manufacturing operation and the 
field environment. 

iCAN-6536 

Use of CMOS ROMs CDP1831 and CDP1832 with the 

RCA Microprocessor Evaluation Kit CDP18S020* 4 

This application note describes the operation and design of 
CDP1 831- and CDP1832~based read-only memory systems in 
the CDP18S020 Evaluation Kit. 

ICAN-e537 

Use of CMOS RAM COP1824 with the 

RCA Microprocessor Evaluation Kit CDP18S020* 4 

This Note describes the CDP1824, Its application in the 
CDP1 8S020 Evaluation Kit, and presents examples of how the 
CDP1824 can be combined with the CDP1831 ROM to form 
efficient ROM-RAM systems. 

ICAN-6538 

Use of the CDP1852 8-Blt I/O Port with the 

RCA Microprocessor Evaluation Kit CDP18S020* 4 

This Note describes several applications of the CDP1862 I/O 
port and especially explains its use in the CDP18S020 
Evaluation Kit. 

tCAN-6539 

Use of CMOS-SOS RAM CDP1822 with the 

RCA Microprocessor Evaluation Kit CDP18S020* 4 

This application note describes the CDP1822, its operation, 
and its application in the CDP18S020 Evaluation Kit. 

ICAN-6562 

Register-Based Output Function for 

RCA COSMAC Microprocessors 2 

This Note describes a circuit for use with RCA COSMAC 
Microprocessors; the circuit provides the capability to output 
information from any of the 16 general-purpose scratchpad 
registers contained within the CPU. 

ICAN-6565 

Design of Clock Generators for use with the 

RCA COSMAC Microprocessor CDP1802 4 

This Note describes clock generator designs suitable for 

various applications. 

ICAN-6581 

Power-On Reset/Run Circuits for the 

RCA CDP1802 COSMAC Microprocessor 2 

This Note describes several circuits which enable a power-on 
reset/run capability for COSMAC microprocessor systems. 

ICAN-6595 

interfacing Analog and Digital Displays with 

CMOS Integrated Circuits 12 

This Note describes some of the COS/MOS integrated circuits 
most suitable for interfacing the electronic circuit display. 

ICAN-6602 

Interfacing COS/MOS with 

Other Logic Families 12 

This Note describes the conditions governing the interface of 
COS/MOS logic circuits with other logic families. 



ICAN-6611 

Keyboard Scan Routine for Use with the 

RCA COSMAC Microterminai CDP1@S021 4 

This Note contains the code for such a keyboard reading 
routine which can be added as a subroutine to the user 
program, thereby making the Microterminai useful as a 
general-purpose input as well as output device. 

ICAN-6632 

Use of the CDP18S4 UART with RCA Microprocessor 

Evaluation Kit CDP18S020 or EK/Assembier-Editor 

Design Kit CDP18S024* 6 

This application note describes several methods of interfacing 
the CDP1854 with the CDP1802 microprocessor and speci- 
fically explains the use of the CDP1 854 in the CDP1 8S020and 
CDP18S024klts. 

iCAN-6635 

Use off CMOS ROMs CDP1833 and CDP1834 with the 

RCA Microprocessor Evaluation Kit CDP18S020 

and the EK/Assembier-Editor Design Kit CDP18S024* 4 

The CDP18S020 Evaluation Kit and the CDP18S024 EK/As- 
sembler-Edltor Design Kit are designed to accept the CDP1 833 
and CDP1834 as described in this application note. 

ICAN-6657 

Use of the CDP1856 and CDP1857 Buffer/Separator in 

CDP1802 Microprocessor Systems — . — 4 

This Note describes the uses of the CDP1866 and CDP1857 
and, more specifically, how they may be utilized in the RCA 
Evaluation Kit, CDP18S020, and the EK/ Assembler-Editor 
Design Kit, CDP18S024. 

ICAN-6693 

CDP1802-Based Designs Using the 82S3 Programmable 

Counter/Timer 4 

The 8253 programmable interval timer, manufactured by Intel 
Corp., is an integrated circuit containing three independent 
1 6-bit counters, each programmable in any of six modes. This 
Note describes methods by which it can be incorporated in 
RCA COSMAC-based microprocessor systems. 

ICAN-6704 

Optimizing Hardware/Software Trade-offs in 

RCA CDP1802 Microprocessor Applications 12 

This Note will develop some examples of processor interfaces 
that not only minimize external hardware but, through judicious 
programming techniques, also minimize speed requirements 
on the CPU. 

ICAN-6834 

Microprocessor Control for Color-TV Receivers 12 

This Note describes a microprocessor control for a color-TV 
receiver, a control that supports a large number of features 
and options. 

ICAN-6842 

16-Bit Operations in the CDP1802 Microprocessor — 6 

This paper describes various software routines and a few 
interface circuits that can be used to manipulate full 16-bit 
values intheCDP1802. 

ICAN-6847 

Programming 2732 PROMs with the CDP18S480 

PROM Programmer 4 

This Note describes the techniques utilizing the PROM 

Programmer to program Intel 2732 PROMs. 

ICAN-6883 

Simplified Design of Astable RC Oscillators Using the 

CD4060B or Two CMOS Inverters 2 

Application notes are available that deal with theoretical 
approaches to oscillator design; this Note stresses practical 
aspects of design and provides easy-to-use algebraic equa- 
tions that permit values of R and C for a given oscillator 
frequency to be quickly determined. 

*Note: The information in this Application Note is useful here; the 
Evaluation Kit, however, is no longer available. 



556 



Supplementary Information 



Application Notes - Abstracts (Cont'd) 



ICAN-^889 

Using Slower Memories with the VIS Display System 4 

The scheme described in this Note, while requiring a few more 
parts, very nearly doubles the memory access-time require- 
ment of the system and permits the use of memories 
approximately half as fast as those normally required with the 
VIS system. 

ICAN-6901 

CDP1802 Microprocessor-Based Setback Thermostat 8 

This Note describes an inexpensive, programmable, setback 
thermostat circuit, based on the RCA CDP1802 microprocessor 
that can be used to control both heating and air-conditioning 
systems. 

ICAN-8918 

A Methodology for Programming COSMAC 1802 

Applications Using Higher-Level Languages 4 

This Note defines a method of optimizing the time-critical 
portions of programs written in higher-leve! languages for 
COSMAC 1802 applications by recording those portions in 
assembly language. 

ICAN-8925 

Understanding and Using the CDP18U42 EPROM 8 

This Note describes the design and programming character- 
istics of the RCA CDP18U42 nonvolatile ultraviolet-erasable 
/programmable read-only memory. 

ICAN-8928 

Interfacing PLM Code to CDOS System Functions 6 

This appficatJon note defines a method for interfacing PLM 
programs to CDOS system functions without the need for 
asjsembly language; the interface is an array of PLM procedures 
(which can be included in a PLM library) and supportive 
macro definitions, all of which are described in detail and used 
in a sample program. 

ICAI^-6934 

Cassette Tape I/O for COSMAC Microprocessor Systems. . . 12 

This Not© describes a circuit and the software needed to add a 
low-cost cassette-tape input and output to the COSMAC 
Evaluation Kit (CDP18S020, CDP18S024. and CDP18S025), 
the COSMAC Developmental System (CDP18S005 and CDP- 
18S007), orthe Microboard Prototyping Kit (CDP18S691). 

ICAN-6943 

Designing Minimum/Nonvolatile Memory Systems with 

CMOS Static RAMs 28 

This Note details the system considerations and circuit 
requirements for CDP1800-series RAM operation and data 
retention in CDP1802-based systems. 

ICAN-8948 

Parallel Clocidng of Sequential CMOS Devices 2 

This Note shows the equations for modeling the maximum 
permitted clock input rise time, Ircl for sequential devices. 

ICAN-6958 

An Introduction to the Video Interface System (VIS) 

Devices— CDP1 869 and CDP1870 12 

This Note describes a circuit and the software required to 
mate the RCA-CDP1869 and CDP1870 VIS (Video Interface 
System) chip set to the Evaluation Kit, CDP1 88020. 

ICAN-6955 

Using the COSMAC Microboard Battery-Backup RAM, 

CDP18S622 , 6 

This Note discusses the application of the board as a standard 
power bacl<up medium, a nonvolatile transport medium, and 
as an efficient means of aiding the testing of new or prototype 
boards. 

ICAN-6957 

CDP1804 and CDP1805 Processors Improve System 

Performance and Lower Chip Count. 6 

This Note describes the CDP1 804 and CDP1 805 enhancement 
to the capability of the CDP1802 microprocessor, both in 
higher performance and additional system functions, while 
maintaining upward software and hardware capability. 



ICAN-6968 

New CMOS CDPISOO-Seriet Proctssort Reduce 

Chip Count 4 

This Note describes the CDP1804 and CDP1805 devices 
having combined CPU, memory, and peripheral functions on 
a single chip, and provide a compact system design with the 
additional portability offered by battery-operation. 

ICAN-6970 

Understanding and Using the CDP1855 

Multiply/Divide Unit 12 

This Note describes the CDP1 855 MOU as an efficient hardware 
replacement for the software-only implementation of arith- 
metic and signal-processing algorithms. 

ICAN-6971 

New CMOS CDPISOO-Serlet Processors Enhance 

System Performance 6 

This Note is devoted to a discussion of the attributes of the 
CDP1804 and CDP1805, both of which are hardware and 
software upward-compatible with the CDP1802. 

ICAN-6991 

A Slave CDP1802 Serial Printer Buffer System 8 

This Note describes a CDP1 802-based stand-aione tine printer 
buffer that linl^s a master processor system to a serial printer 
through an RS232C interface. 

ICAN-7009 

New CD PI 805 Microprocessor Upgrades 

CDP1800-Based Systems 6 

This Note describes specific CDP1805 features and explains 
how they are optimally applied in microcomputer systems. 

ICAN-7020 

Multlmicroprocessor-based Transistor Test Equipment 8 

This Note discusses a modern test system that meets these 
demands through its ability to perform multiple-temperature 
testing of traditional and custom parameters in one insertion. 

ICAN-7023 

CDP1800-Serles Peripherals - Building Blocks of a 

Complete Processor Family 8 

This Note discusses the host of peripheral chips available 
from RCA that make available to the system designer the 
functions, flexibility, and performance levels that once were 
only achieved with NMOS. 

ICAN-7026 

Microboard Equipment Control 6 

This Note discusses the project to build a piece of equipment 
to demonstrate the use of RCA Microboards in specialized 
manufacturing-test equipment. The specific example selected 
was the testi ng of some active parameters of power transistors. 

ICAN-7029 

Low-Power Techniques for Use with 

CMOS CDP1800-Based Systems 6 

This Note describes various techniques for reducing the 
power requirements of microcomputer systems since battery 
life is so important in most portable applications and in 
systems having RAM battery-back-up provision. 

ICAN-7032 

CDP1800-Based Video Terminal Using the 

RCA Video Interface System, VIS 36 

This Note discusses the RCA Video Interface System, ViS, 
chip set CDP1869, CDP1870, and CDP1876 for use In video 
terminals, industrial displays, and broadcast-TV text overlays. 

ICAN.7038 

A CDP1800-Based CRT Controller 8 

This Note discusses the addition of the Video interface 
System, VIS, to the peripheral support tine for the CDPISOO^ 
series microprocessors. 

ICAN.T983 

Understanding the CDP1851 Programmable I/O 6 

This Note discusses the general-purpose programmable I/O 
port, CDP1851, having 20 I/O pins which may be used in 
several different modes of operation. 

ICAN-7067 

VIS — A Commercially Competitive CRT Controller 

Chip Set 4 

This Note discusses the VIS as an economical solution to a 
variety of CRT display applications. 
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Supptein»ntary Information 



Related Technicai Publications 



Microsystem and Microboard Product Descriptions 

Microboard Computer, CDP18S601 
Microboard Computer, CDP18S602 
Microboard Computer, CDP18S603 
Microboard Computer, CDP18S604B 
Microboard 4-Kiiobyte RAM, CDP18S620 
Microboard 16-Kilobyte RAM, CDP18S621 
Microboard 8-Kilobyte Battery-Backup RAM, CDP18S622 
Microboard 8-Kilobyte RAM. CDP18S623 
Microboard 8-Kilobyte RAM C6P18S623A 
Microboard 4-Kiiobyte Battery-Bacltup RAM, CDP18S624 
Microboard 8/16/32-Kllobyte ROM/PROM, CDP18S625 
Microboard 32/64-Kiiobyte EPROM/ROM/RAM 
Microboard 4-Kilobyte CMOS EPROM CDP18S627 
Microboard 32-Kilobyte RAM 
Microboard Control and Display Module, CDP18S640 
Microboard Control and Display Module, CDP18S640V1 
Microboard UART interface, CDP18S641 
Microboard D/A Converter, CDP18S642 
Microboard A/D Converter, CDP1 8S643 

Microboard A/D and D/A Converters, CDP18S644 and CDP18S664 
Microboard D/A Converters, CDP18S647 and CDP18S657 
Microboard A/D Converters, CDP18S648 and CDP18S658 
Microboard Breadboard, CDP18S659 

Microboard Combination Memory and I/O Module, CDP18S660 
Microboard Video-Audio-Keyboard Interface. CDP18S661V1 and CDP1dS661V3 
Microboard Video/Audio/Keyboard Interface CDP18S661B 
Microboard 22-Card Chassis with Integral Power Supply CDP18S670 
Microboad 5-Card Chassis, CDP18S675 and CDP18S676 (with case) 
Microboard Prototyping System, CDP18S691 and CDP18S691V3 
Microboard Prototyping System. CDP18S692 
CDP1802 Microprocessbr Instruction Summary 
Fixed-Point Arithmetic Subroutine 
Floating-Point Arithmetic Subroutine 
COSMAC Development System IV CDP18S008 
COSMAC Dictionary 
COSMAC Microterminal 

Microboard Computer Development Systems (MODS) CDP18S693 and CDP1 88694 
Color Microboard Computer Development System CDP18S695 
COSMAC Development Systems 
COSMAC Floppy Disk System II 
COSMAC Micromonltor 
COSMAC UART Interface Module 
COSMAC Byte I/O Module 
PROM Programmer 
EK/Assembier-Editor 

ROM Purchase Policy and Programming Instructions 
Micromonitor Operating System (MOPS) 
BASIC1 Compiler/Interpreter (CDP18S834) 
Disk Operating System Upgrade Package (CDP18S837) 
PLM 1800 High-Level-Language Compiler (CDP18S839) 
BASIC2 High-Level-Language Interpreter CDP18S840 
Micro Concurrent PASCAL Cross-Compller CDP18S844 and 
Interpreter/Kernel CDP18S852 and CDP18S853 

Product Guides 

CMB-250B COSMAC Microboard Computer Systems 
MPG-180D COSMAC Microprocessor Product Guide 
MPL-200 Microsystems Product Guide and Price List 

DATABOOKS 

SSD-270 Microsystems 

SSD-280 LSI Products - Applications 

S$D-230A High-Reliability IC Products 



MB-601 

MB-602 

MB-603 

MB-604B 

MB-620 

MB-621 

MB-^22 

MB-623 

MB-623A 

MB-624 

MB-62S 

MB-626 

MB-627 

MB-629 

MB-640 

MB-640V1 

MB-«41 

MB-e42 

MB-643 

MB-644 

MB-647 

MB-648 

MB-659 

MB-680 

MB-661 

MB-661B 

MB-670 

MB-675 

MB-691 

MB-692 

MPM-920B 

PD6 

PD7 

PD8 

PD10 

PD12 

PD13 

PD14 

PD16C 

PD17B 

PD18C 

PD19 

PD20 

Pd22B 

PD24 

PD30 

PD31 

PD34 

PD37A 

PD39 

PD40 

PD44 
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RCA Sales Offices 



Argentinn Ramiro £. Podetti Reps. U.S. 

P.O. Box 4622 

Buenos Aires 1000 

Tel: 393-4029 
Belgium RCA S.A. 

Mercure Centre, Rue de la 

Fusee 100, 1130 Bruxelles 

Tel: 02/720.89.80 
Brazil RCA Solid State Limitada 

Av. Brig Faria Lima 1476 

7th Floor, Sao Paulo 01452 

Tel: 210-4033 
Canada RCA Inc. 

6303 30th Street, SE 

Calgary, Alberta r2C iR4 

Tel: (403) 279-3384 

RCA Inc. 

21001 No. Service Road, 

Trans Canada Highway, 

St. Anne-de-Bellevue, 

Quebec H9X 3L3 

Tel: (514) 457-2185 

RCA Inc. 

1 Vulcan Street, Rexdale, 

Ontario M9W 1L3 

Tel: (416) 247-5491 
France RCA S.A. 

2-4 Avenue de L'Europe 

78140 Velizy 

Tel: (3) 946.56.56 

Hong Kong RCA International Ltd. 

P.O. Box 112, Hong Kong 

Tel: 852-5-234-181 
Italy RCA SpA 

Piazza San Marco 1 

20121 Milano 

Tel: (02) 65.97.048-051 
Mexico RCA S.A. de C.V./ 

Solid State Div., Avenida 

Cuitlahuac 2519, Apartado 

Postal 17-570, Mexico 16, D.F. 

Tel: (905) 399-7228 
Singapore RCA Corporation 

Solid State Division, 2315 Inter- 
national Plaza, 10 Anson Road, 

Singapore 0207 

Tel: 2224156/2224157 
Sweden RCA International LTD 

Box 3047, Hagalundsgatan 8 

171 03Solna3 

Tel: 08/83 42 25 
Taiwan RCA Corporation 

Solid State Division, 

7th Floor, 97 

Nanking East Road, Section 2 

Taipei 

Tel: (02) 541-1971 
U.K. RCA LTD 

Lincoln Way, Windmill Road 

Sunbury-on-Thames 

Middlesex TW 16 7HW 

Tel: 093 27 85511 



Alabama 
RCA 

Suite 133 

303 Williams Avenue, 

Huntsville, AL 35801 

Tel: (205) 533-5200 

Arizona 

RCA 

6900 E. Camelback Road, Suite 

460, Scottsdale,AZ 85251 

Tel: (602) 947-7235 

California 

RCA 

4546 El Camino Real, 

Los Altos, CA 94022 

Tel: (415) 948-8996 

RCA 

4827 No. Sepulveda Blvd., Suite 

420, Slierman Oaks, CA 91403 

Tel: (213) 468-4200 

RCA 

17731 Irvine Blvd., Suite 104 

Magnolia Plaza Bldg., Tustin, CA 

92680 

Tel: (714) 832-5302 

Colorado 

RCA Corp. 

6767 So. Spruce Street 

Englewood, CO80112 

Tel: (303) 740-8441 

Florida 

RCA 

P.O. Box 12247, Lake Park, FL 

33403 

Tel: (305) 626-6350 

Illinois 

RCA 

2700 River Road, Des Plaines 

IL 60018 

Tel: (312) 391-4380 

Indiana 

RCA 

4410 Executive Blvd., Suite 13A 

Fort Wayne, IN 46808 

Tel: (219)436-4383 

RCA 

9240 N, Meridian Street, Suite 

102, Indianapolis, IN 46260 

Tel: (317) 267-6375 

Kansas 

RCA 

8900 Indian Creek Parkway, 

Suite 410. 

Overland Park, KS 66210 

Tel: (913) 642-7656 

Massachusetts 

RCA 

20 William Street, Wellesley 

MA 02181 

Tel: (617) 237-7970 



Michigan 
RCA 

30400 Telegraph Road, Suite 

440, Birmingham, MI 48010 

Tel: (313)644-1151 

Minnesota 

RCA 

6750 France Avenue, So., Suite 

122, Minneapolis, MN 55435 

Tel: (612) 929-0676 

New Jersey 

RCA 

1998 Springdale Road, 

Cherry Hill, NJ 08003 

Tel: (609) 338-5042 

RCA 

67 Walnut Avenue, Clark, NJ 

07066 

Tel: (201) 574-3550 

New York 

RCA 

160 Perinton Hill Office Park^ 

Fairport, NY 14450 

Tel: (716) 223-5240 

Ohio 

RCA 

6600 Busch Blvd.,Suite 110, 

Columbus, OH 43229 

Tel: (614) 436-0036 

Tennessee 

RCA 

1 1 1 1 Northshore Drive, 

Suite 405, Northshore Center 2, 

Knoxville,TN 37919 

Tel: (615) 588-2467 

Texas 

RCA Center 

4230 LB J at Midway Road 

Town No. Plaza, Suite 121 

Dallas, TX 75234 

Tel: (214) 661-3515 

Virginia 

RCA 

1901 N. Moore Street 

Arlington, VA 22209 

Tel: (703) 558-4161 



West Germany 



RCA GmbH 

Pfingstrosenstrasse 29, 
8000 Munchen 70 
Tel: 089/7143047-49 
RCA GmbH 

Justus-von-Liebig-Ring 10 
2085 Quickborn 
Tel: 04106/613-0 
RCA GmbH 
Zeppelinstrasse 35, 
7302 Ostfildern 4 (Kemnat) 
Tel: 0711/454001-04 
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RCA Sales Offlces/Distributors/Mfrs. Reps. 



RCA Authorized Distributors 



Argentina Eneka S.A.I.C.F.I. 

Tucuman 299, 

1049 Buenos Aires 

Tel: 31-3363 

Radiocom S.A. 

Conesa 1003, 

1426 Buenos Aires 

Tel: 551-2780 

Tecnos S.R.L. 

Independencia 1861 

1225 Buenos Aires 

Tel: 37-0239 

Galli Hnos, S.A.C.I. e Inm. 

Entre Rios 628 

Buenos Aires 

L.A.D.E., S.R.L, 

Sequrola 1879 

Buenos Aires 1407 
Australia AWA Microelectronics 

348 Victoria Road 

RydalmereN.S.W. 2116 

A nitron Tyree 

1 76 Botany Street, Waterloo, 

N.S.W. 2017 
Austria Bacher Elektronische Gerate 

GmbH 

Rotenmuhlgasse 26, 

A-1 120 Vienna 

Tel: 0222/8356460 
Bahamas Home Furniture 

Company Ltda. 

P.O. Box 331, Nassau 
Belgium Ineico Belgium S.A. 

Avenue des Croix de Guerre 94 

1120Bruxelles 

Tel: 02/216.01.60 
Bermuda DeFontes TV Centre 

Steed Building 

Parliament Street 

Hamilton 

Tel: (809) 2-0050 
Brazil Commercial Bezerra Ltda. 

Rua Costa Azevedo, 139, 

CEP-69.000 Manaus/AM 

Tel: (092) 232-5363 

Organizacao Distribuidora E 

Representacoes Ltda. 

Rua Vigario Tenorio, 

105-Conj. 102/402, 

CEP-50.000 Recife/ PE 

Tel: (081) 224-2229 

Panamericana Comercial 

Importadora Ltda. 

Rua Aurora, 263, 

01209, Sao Paulo, SP 

Tel: (011)222-3211 

Saturno Braslleiro 

Importacao Exportacao 

Ltda. 

Rua Sacadura Cabral, 120, 

Sala509, CEP-20.081 

Rio de Janeiro/ RJ 

Tel: (021) 243-4744' 
Camida Cesco Electronics, Ltd. 

4050 Jean Talon Street, West 

Montreal, Quebec H4P IWl 

Tel: (514) 735-5511 



Chile 



Colombia 



Cesco Electronics, Ltd. 


Electronica Moderna 


909 Blvd., Charest Quest 


Carrera 9A, NRO 19-52 


Quebec City, 


Apartado Aereo 5361 


Quebec 01 K6W8 


Bogota, D.E.I 


Tel: (418) 524-4641 




Electro Sonic, Inc. 


Carrera 10, NRO 15-39 Of. 70 


1 100 Gordon Baker Road 


Apartado Aereo 3697 


Willowdale, Ontario M2H 3B3 


Bogota, D.E. 


Tel: (416) 494-1666 costa Rica Electro-Impex, S.A. 


Hamilton Avnet (Canada) Ltd. 


Avenida 10, Calles 10 Y 12 


210 Colonnade Street 


San Jose 


Nepean, Ontario K2E 7L5 


Tel: 21-59-54 


Tel: (613) 226-1700 


Gallito Tecnico, S.A. 


Hamilton Avnet Elec. 


Av. 2 Calles 4 Y 6 


28I6 21stSt.N.E., Calgary 


Apartado 10069, San Jose 


Alberta, T2E 6Z2 


Tel: 21-31-31 


Tel: (403) 230-3586 


J. G. Valldeperas, S.A. 


Hamilton Avnet (Canada) Ltd. 


Calle 1, Avenidas 1-3, 


6845 Rex wood Drive 


Apartado Postal 3923 


Units 3.4,5 


San Jose 


Mississauga, Ontario L4V 1M5 


Tel: 32-36-14 


Tel: (416) 677-7432 Denmark Tage Olsen A/S 


Hamilton Avnet (Canada) Ltd. 


P.O. Box 225 


2670 Sabourin Street, St. 


DK - 2750 Ballerup 


Laurent, Quebec H4S 1M2 


Tel: 02/65 81 11 


Tel: (514) 331-6443 Dominican Humberto Garcia, C. por A. 


L. A. Varah, Ltd. Republic EI Conde 366 


1832 King Edward Street 


Apartado de Correos 771 


Winnipeg, Manitoba R2R ONI 


Santo Domingo 


Tel: (204)633-6190 


Tel: 682-3645 


L. A. Varah, Ltd. Ecuador Elecom, S.A. 


2077 Alberta Street, 


Padre Solano 202-OF. 8, P.O. 


Vancouver, B.C. V5Y 1C4 


Box 961 1, Guayaquil 


Tel: (604) 873-3211 Egypt 


Sakrco Enterprises 


L. A. Varah, Ltd. 


P.O. Box 1133, 


4742 14th Street, NE Calgary, 


37 Kasr El Nil Street, Apt. 5 


Alberta T2E 6L7 


Cairo 


Tel: (403) 276-8818 


Tel: 744440 


L. A. Varah, Ltd. El Salvador Radio Electrlca, S.A. 


505 Kenara Avenue, Hamilton, 


4A Avenida Sur Nb. 228 


Ontario L8E 3P2 


San Salvador 


Tel: (416) 561-9311 


Tel: 21-5609 


R.A.E. Industrial Electronics, 


Radio Parts, S.A. 


Ltd. 


2AC. O. No. 319Postalla 


3455 Gardner Court, Burnaby, 


Dalia, P.O. Box 1262 


B.C. V5G 4J7 


San Salvador 


Tel: (604) 291-8866 


Tel: 21-3019 


Raylex Ltda. Finland Telercas OY 


Av Providencia 1244 


P.O. Box 33 


Depto.D, 3er, Piso 


SF - 04201 Kerava 


Casilla 13373, Santiago 


Tel: 0/248.055 


Tel: 749835 France Almex S.A. 


Amplltel Ltda. 


48, rue de TAubepine, 


Pedro Leon Ugalde 1464 


F- 92160 -Antony 


Santiago 


Tel: (01) 666 21 12 


Tel: (2) 568074 


Radio Equipments 


Industria de Radio y 


Antares S.A. 


Television S.A. (IRT) 


9, rue Ernest Cognacq, 


Vic. MacKenna 3333 


F - 92301 - Levallois Perret 


Casilla 170-D, Santiago 


Tel: (01) 758 11 11 


Tel: 561667 


Tekelec Airtronic S.A. 


Miguel Antonio Pena Pena 


Cite des Bruyeres, 


Y Cia. S. En C. 


Rue Carle Vernet, 


Carrera 12 #1906 


F- 92310 -Sevres 


Bogota 


Tel: (01) 534.75.35 
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Greece Semicon Co. Italy 

104 AeoLou Str. 
XT. 131 Athens 

Tel: 3253626 
Cuatemala Electronics Guatemalteca 

13 Calle 5-59, Zona 1 

P.O. Box 514 

Guatemala City 

Tel: 25-649 

Tele-Equipos, S.A. 

lOA Calle 5-40, Zona 1 

Apartado Postal 1798 

Guatemala City 

Tel: 29-805 
Haiti Societe Haitienne 

D'Automobiles, S.A. 

P.O. Box 428, 

Port-Au-Prince 

Tel: 2-2347 
Holland Ineko Nederland BV 

Turfstekerstraat 63, 

N - 1431 GD Aalsmeer Japan 

Tel: (02977) 2 88 55 

Vekano BV 

Postbus6115, Korea 

N - 5600 HC Eindhoven 

Tel: (40) 81 09 75 
Honduras Francisco J. Yones 

3A Avenida S.O. 5 

San Pedro Sula, 

Honduras, Central America 

Tel: 52-00-10 
Hong Kong Gibb Livingston & Co., Ltd. 

77 Leighton Road Mexico 

Leighton Centre 

P.O. Box 55 

Chinam Associates 

Suite 602-3 Ritz Building 

625 Nathan Road 

Kowloon 

Hong Kong Electronic 

Components Co. 

Flat A Yun Kai Bldg. 1/Fl 

466-472 Nathan Road 

Kowloon 
Hungary Hungagent 

P.O. Box 542 

H-1374 Budapest 

Tel: 01/669-385 
Iceland Georg Amundason 

P.O. Box 698,Reykjavik 

Tel: 81180 
India Photophone (Cornel) 

179-5 Second Cross Road 

Lower Palace Orchards 

Bangalore 3 
Indonesia NVPD Soedarpo Corp. 

Samudera Indonesia Building 

JL Letten S. Parman KAV. 

35/Slipi 

Jakarta Barat 

Israel Aviv Electronics 

Kehilat Venezia Street 12 

69010 Tel- Aviv 

Tel: 03-494450 Nepal 



DEDO Elettronica SpA 

Strada Statale 16 Km 403-550 

64019 Tortoreto Lido (Te) 

Tel: 861/78.134 

Eledra 3S SpA 

Viale Elvezia 18, 

I - 20154, Milano 

Tel: (02) 349751 

IDAC Elettronica SpA 

Via Verona 8 

I-35010Busadi Vigonza 

Tel: (049) 72.56.99 

LAS'l Elettronica SpA 

Viale Lombardia 6, 

I - 20092 Cinisello 

Balsamo (MI) 

Tel: (02) 61.20.441-5 

Silverstar Ltd. 

Via dei Gracchi 20, 

I - 20146 Milano 

Tel: (02) 49.96 

Okura & Company Ltd. 

3-6 Ginza Nichome, Chuo-Ku 

Tokyo 104 

Panwest Company, Ltd. 

Room 312, Sam Duk Building 

131, Da-Dong, Chung-Ku 

Seoul, Republic of South Korea 

C.P.O. Box 3358 

Tong Jin Trading Co. 

Room 1003, Bock-Chang Bldg. 

Sokong-Dong, Chung-Ku 

Seoul, Republic of Souih Korea 

Electronica Remberg, S.A. 

de C.V. 

Republica del Salvador No. 

30-102, Mexico City 1, D.F. 

Tel: 510-47-49 

Mantenimlento E Instala- 

ciones Internacionales, S.A. 

Calle 15 No. 79, Col. San Pedro 

de Los Pinos, Mexico 18, D.F. 

Tel: 516-10-74 

Mexicana de Bulbos, S.A. 

Michoacan No. 30 

Mexico 11, D.F. 

Tel: 564-92-33 

Sprint S.A. 

San Juan de Letran #55 

Pasaje Lopez 

Mexico I, D.F. 

tel: 521-4292 

Partes Electronicas, S.A. 

Republica Del Salvador 30-501 

Mexico City 

Tel: (905) 585-3640 

Enrique Devesa Ramos 

San Juan de Letran #55 

Local E, Mexico, D.F. 

Tel: 510-2536 

Raytel, S.A. 

Sullivan 47 Y 49 

Mexico 4, D.F. 

Tel: 566-67-86 

Continental Commercial 

Distributors 

Durbar Marg 

Kathmandu 



Netherland 
Antilles 



New Zealand 



Nicaragua 



Norway 



Panama 



Paraguay 



Peru 



Philippines 



Portugal 

Puerto Rico 

Singapore 
South Africa 

Spain 



El Louvre, S.A. 

P.O. Box 138, Curacao 

Tel: 54004 

AWA NZ Ltd. 

36-44 Adelaide Road 

P.O. Box 830 

Wellington 2 

Comercial F. A. Mendieta, S.A. 

Apartado Postal No. 1956 

C.S.T. 5c Al Sur 2c 1/2 Abajo 

Managua 

National Elektro A/S 

Ulvenveien 75, P.O. Box 53 

Okern, Oslo 5 

Tel: (472)64 49 70 

Tropeko, S.A. 

Via Espana 20-18, Panama 7 

Rep. de Panama 

Compania Comercial Del 

Paraguay, S.A. 

Casilla de Correo 344 

Chile 877, Asuncion 

Arven S.A. 

PSJ Adan Mejia 103, OF. 33 

Lima 1 1 

Tel: 716229 

Deltron S.A. 

Apartado Postal 1574 

Lima 

Philippine Electronic 

Industries, Inc. 

3rd Floor, Rose 

Industrial Bldg., 1 1 Pioneer St. 

Pasig, Metro Manila 

Semitronics 

216 Ortego Street 

San Juan, Metro Manila 3134 

P.O. Box 445 

Telectra Sari 

Rua Rodrigo da Fonseca, 103 

Lisbon- 1 

Tel: 68.60.72-75 

Kelvinator Sales of Puerto 

Rico, Inc. 

P.O. Box BG, Rio Piedras, 

Puerto Rico 00928 

Edware Eu & Co., Ltd. 

1 Orchard Road 

Singapore 

Allied Electronic 

Components (PTY) Ltd. 

P.O. Box 6387 

Dunswart 1508 

Tel: (Oil) 528-661 

Kontron S.A. 

Salvatierra 4, 

Madrid 34 

Tel: 1/729.11.55 

Novolectric 
Valencia 109-111, 
Barcelona 1 1 
Tel: (03) 253.20.07 
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Sri Lanka Ceylon SVC & Sup. Co. Uruguay 

c/o P.A. Silva 

P.O. Box 89 

Colombo 
Surinam Kirpalani's Ltd. 

17-27 Maagdenstreet, U.S. 

P.O. Box 251, Paramaribo 

Tel: 71-400 

Surinam Electronics 

Keizerstreet 206 

P.O. Box 412 

Paramaribo 

Tel: 76-555 
Sweden Ferner Electronics AB 

Snormakarvagen 35, 

P.O. Box 125, 

S-161 26 Bromma Stockholm 

Tel: 08/80 25 40 
Switzeriand Baeriocher AG 

Forrlibuckstrasse 110 

8005 Zurich 

Tel: (01) 42.99.00 
Taiwan Haw Sheng Electric Co., Ltd. 

5th Floor Pong Lai Building 

245 Min Chuan East Road 

Taipei 

Delta Engineering Ltd. 

No. 42 Hsu Chang Street 

8th Floor, Taipei 
Thailand Anglo Thai Engineering Ltd. 

2160 Klongton-Bangkapi Hwy. 

Hua Mark, Bangkok 
Trinidad Kirpalani's Limited 

Kirpalani's Komplex 

Churchill Roosevelt Highway 

San Juan, Port-of-Spain 

Tel: 638-2224/9 
Turkey Teknim Company Ltd. 

Riza Sah Pehlevi Caddesi 7 

Kavaklidere Ankara 

Tel: 27.58.00 
U.K. ACCESS Electronic Components Ltd. 

Austin House, Bridge Street 

Hitchin, Hertfordshire SG5 2DE 

Tel: Hitchin (0462) 31 221 

Crellon Electronics Ltd. 

380 Bath Road, Slough, 

Berks, SLl 6JE 

Tel: Bumham (06286) 4434 

LT.T. Electronic Services 

Edinburgh Way, Harlow 

Essex, CM20 2DE 

Tel: Harlow (0279) 26777 

Jermyn Distribution 

Vestry Industrial Estate 

Sevenoaks, Kent 

Tel: Sevenoaks (0732) 450144 

Macro Marketing Ltd. 

Burnham Lane, 

Slough, Berkshire SLl 6LN 

Tel: Bumham (06286) 4422 

VSI Electronics (U.K.) Ltd. 

Roydonbury Industrial Park 

Horsecroft Road, Harlow 

EssexCM19 5BY 

Tel: Harlow (0279) 29666 



American Products S.A. 

(APSA) 

Av. Italia 4230 

Montevideo 

Tel: 594210 

ALABAMA 

Hamilton Avnet Electronics 

4692 Commercial Drive, NW 

Huntsville, AL 35805 

Tel: (205) 837-7210 

ARIZONA 

Hamilton Avnet Electronics 

505 South Madison Drive 

Tempe,AZ 85281 

Tel: (602) 231-5100 

Kierulff Electronics, Inc. 

4134 East Wood Street 

Phoenix, AZ 85040 

Tel: (602) 243-4101 

Kierulff Electronics, Inc. 

1806 West Grant Road, Suite 102, 

Tucson, AZ 85705 

Tel: (602) 624-9986 

Sterling Electronics, Inc. 

2001 East University Drive, 

Phoenix, AZ 85034 

Tel: (602) 258-4531 

Wyle Distribution Group 

8155 North 24th Avenue 

Phoenix, AZ 85021 

Tel: (602) 249-2232 

CALIFORNIA 

Arrow Electronics, Inc. 

95 1 1 Ridge Haven Court 

San Diego, CA 92123 

Tel: (714) 565-6928 

Arrow Electronics, Inc. 

521 Weddell Drive 

Sunnyvale, CA 94086 

Tel: (408) 745-6600 

Arrow Electronics, Inc. 

19748 Dearborn Street 

North Ridge Business Center 

Chatsworth, CA 91311 

Tel: (213) 701-7500 

Avnet Electronics 

350 McCormick Avenue 

Costa Mesa, CA 92626 

Tel: (714) 754-6051 

Hamilton Avnet Electronics 

3170 Pullman Street 

Costa Mesa, CA 92626 

Tel: (714) 641-4107 

Hamilton Avnet Electronics 

1 1 75 Bordeaux Drive 

Sunnyvale, CA 94086 

Tel: (408) 743-3300 

Hamilton Avnet Electronics 

4545 Viewridge Avenue 

San Diego, CA 92123 

Tel: (714) 571-7510 

Hamilton Electro Sales 

10912 W. Washington Blvd. 

Culver City, CA 90230 

Tel: (213) 558-2020 



Hamilton Avnet Electronics 

4103 Northgate Boulevard, 
Sacramento, CA 95834 
Tel: (916) 920-3150 
Kierulff Electronics, Inc. 
2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213) 725-0325 
Kierulff Electronics, Inc. 
3969 E. Bayshore Road 
Palo Alto, CA 94303 
f «|s (#f) 9^»^292 
Kierulff Electronics, Inc. 
8797 Balboa Avenue 
San Diego, C A 92123 
Tel: (714) 278-2112 
Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin, CA 92680 
Tel: (714) 731-5711 
Schweber Electronics Corp. 
17811 Gillette Avenue 
Irvine, CA 92714 
Tel: (714) 556-3880 
Schweber Electronics Corp. 
3110 Patrick Henry Drive 
Santa Clara, CA 95050 
Tel: (408) 748-4700 
Wyle Distribution Group 
124 Maryland Avenue 
El Segundo, CA 90245 
Tel: (213) 322-8100 
Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego, C A 92123 
Tel: (714) 565-9171 
Wyle Distribution Group 
3000 Bowers Avenue 
Santa Clara, CA 95052 
Tel: (408) 727-2500 
Wyle Distribution Group 
17872 Cowan Avenue 
Irvine, CA 92714 
Tel: (714) 641-1600 
COLORADO 
Arrow Electronics Inc. 
2121 S. Hudson 
Denver, CO 80222 
Tel: (303) 758-2100 
Kierulff Electronics, Inc. 
10890 East 47th Avenue 
Denver, CO 80239 
Tel: (303) 371-6500 
Hamilton Avnet Electronics 
8765 E. Orchard Road, Suite 
708, Englewood, CO80111 
Tel: (303) 740-1000 
Wyle Distribution Group 
451 East 124th Avenue 
Thornton, CO 80241 
Tel: (303) 457-9953 
CONNECTICUT 
Arrow Electronics, Inc. 
12 Beaumont Road 
Wallingford, CT 06492 
Tel: (203) 265-7741 
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U.S. 



Hamilton Avnet Electronics 

Commerce Drive, Commerce 

Industrial Park, 

Danbury,CT 06810 

Tel: (203)797-1100 

Kierulff Electronics, Inc. 

169 North Plains Industrial Road 

Wallingford, CT 06492 

Tel: (203) 265-1115 

Schweber Electronics Corp. 

Finance Drive, 

Commerce Industrial Park, 

Danbury.CT 06810 

Tel: (203) 792-3500 

FLORIDA 

Arrow Electronics, Inc. 

1001 NW 62nd Street, Suite 

108, Ft. Lauderdale, FL 33309 

Tel: (305) 776-7790 

Arrow Electronics, Inc. 

50 Woodlake Dr., West-Bldg. B 

Palm Bay, FL 32905 

Tel: (305) 725-1480 

Hamilton Avnet Electronics 

6801 NW 15th Way 

Ft. Lauderdale, FL 33068 

Tel: (305)971-2900 

Hamilton Avnet Electronics 

3197 Tech Drive, No. 

St. Petersburg, FL 33702 

Tel: (813) 576-3930 

Kierulff Electronics, Inc. 

3247 Tech Drive 

St. Petersburg, FL 33702 

Tel: (813) 576-1966 

Milgray Electronics, Inc. 

1850 Lee World Center 

Suite 104 

Winter Park, FL 32789 

Tel: (305) 647-5747 

Schweber Electronics Corp. 

2830 North 28th Terrace 

Hollywood, FL 33020 

Tel: (305)927-0511 

GEORGIA 

Arrow Electronics, Inc. 

2979 Pacific Drive 

Norcross, GA 30071 

Tel: (404) 449-8252 

Hamilton Avnet Electronics 

5825D Peach Tree Corners 

Norcross, GA 30071 

Tel: (404) 447-7503 

Schweber Electronics Corp. 

303 Research Drive 

Suite 210 

Norcross, GA 30092 

Tel: (404) 449-9170 

ILLINOIS 

Arrow Electronics, Inc. 

2000 Algonquin Road 

Schaumburg, I L 60193 

Tel: (312) 893-9420 

Hamilton Avnet Electronics 

1 130 Thomdale Avenue 

Bensenville, I L 60166 

Tel: (312) 860-7700 



Kierulff Electronics, Inc. 

1536 Landmeier Road 

Elk Grove Village, IL 60007 

Tel: (312) 640-0200 

Newark Electronics 

500 North Pulaski Road 

Chicago, IL 60624 

Tel: (312) 638-4411 

Schweber Electronics Corp. 

904 Cambridge Drive 

Elk Grove Village, I L 60007 

Tel: (312) 364-3750 

INDIANA 

Arrow Electronics, Inc. 

2718 Rand Road 

Indianapolis, IN 46241 

Tel: (317) 243-9353 

Graham Electronics Supply, Inc. 

133 S. Pennsylvania Street 

Indianapolis, IN 46204 

Tel: (317) 634-8202 

Hamilton Avnet Electronics, Inc. 

485 Gradle Drive 

Carmel, IN 46032 

Tel: (317) 844-9333 

KANSAS 

Hamilton Avnet Electronics 

9219 Qui vira Road 

Overland Park, KS 66215 

Tel: (913) 888-8900 

LOUISIANA 

Sterling Electronics, Inc. 

3005 Harvard St., Suite 101 

Metairie, LA 70002 

Tel: (504) 887-7610 

MARYLAND 

Arrow Electronics, Inc. 

4801 Benson Avenue 

Baltimore, MD 21227 

Tel: (301) 247-5200 

Hamilton Avnet Electronics 

6822 Oakhall Lane 

Columbia, MD 21045 

Tel: (301) 995-3500 

Pyttronic Industries, Inc. 

Baltimore/ Washington Ind.Pk. 

8220 Wellmoor Court 

Savage, MD 20863 

Tel: (301) 792-0780 

Schweber Electronics Corp. 

9218 Gaithers Road 

Gaithersburg, MD 20877 

Tel: (301) 840*5900 

Zebra Electronics, Inc. 

2400 York Road 

Timonium, MD 21093 

Tel: (301) 252-6576 

MASSACHUSETTS 

Arrow Electronics, Inc. 

Arrow Drive 

Woburn, MA 01801 

Tel: (617) 933-8|30 

Hamilton Avnet Electronics 

50 Tower Office Park 

Woburn, MA 01801 

Tel: (617) 935-9700 



Kierulff Electronics, Inc. 

13 Fortune Drive 
Billerica, MA 01821 
Tel: (617) 667-8331 
A. W. Mayer Co. 
34 Linnell Circle 
Billerica, MA 01821 
Tel: (617) 229-2255 
Schweber Electronics Corp. 
25 Wiggins Avenue 
Bedford, MA 01730 
Tel: (617) 275-5100 
Sterling Electronics, Inc. 
41 1 Waverly Oaks Road 
Waltham, MA 02154 
Tel: (617) 894-6200 
MICHIGAN 
Arrow Electronics, Inc. 
3810 Varsity Drive 
Ann Arbor, MI 48104 
Tel: (313) 971-8220 
Hamilton Avnet Electronics 
2215 29th Street 
Grand Rapids, MI 49503 
Tel: (616) 243-8805 
Hamilton Avnet Electronics 
32487 Schoolcraft Road' 
Livonia, MI 48150 
Tel: (313) 522-4700 
Schweber Electronics Corp. 

12060 Hubbard Avenue 
Livonia, MI 48150 
Tel: (313) 525-8100 

MINNESOTA 

Arrow Electronics, Inc. 

5230 West 73rd Street 

Edina, MN 55435 

Tel: (612) 830-1800 

Hamilton Avnet Electronics 

10300 Bren Road, East 

Minnetonka, MN 55343 

Tel: (612) 932-0600 

Kierulff Electronics, Inc. 

7667 Cahill Road 

Edina, MN 55435 

Tel: (612) 941-7500 

Schweber Electronics Corp. 

7422 Washington Avenue, So. 

Eden Prairie, MN 55344 

Tel: (612) 941-5280 

MISSOURI 

Arrow Electronics, Inc. 

2380 Schuetz Road 

St. Louis, MO 63141 

Tel: (314) 567-6888 

Hamilton Avnet Electronics 

13743 Shoreline Court East 

Earth City, MO 63045 

Tel: (314) 344-1200 

Kierulff Electronics, Inc. 

2608 Metro Park Boulevard 

Maryland Heights, MO 63043 

Tel: (314) 739-0855 
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U.S. NEW HAMPSHIRE 

Arrow Electronics, Inc. 

One Perimeter Drive 
Manchester, NH 03103 
Tel: (603) 668-6968 
NEW JERSEY 
Arrow Electronics, Inc. 
Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609) 235-1900 
Arrow Electronics, Inc. 
Two Industrial Road 
Fairfield, NJ 07006 
Tel: (201) 575-5300 
Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 
Tel: (201) 575-3390 
Hamilton Avnet Electronics 
One Keystone Avenue 
Cherry Hill, NJ 08003 
Tel: (609) 424-0110 
Kierulff Electronics, Inc. 
37 Kulick Road 
Fairfield, NJ 07006 
Tel: (201) 575-6750 
Schweber Electronics Corp. 
18 Madison Road 
Fairfield, NJ 07006 
Tel: (201) 227-7880 
NEW MEXICO 
Arrow Electronics, Inc. 
2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505) 243-4566 
Hamilton Avnet Electronics 
2524 Baylor S.E. 
Albuquerque, NM 87106 
Tel: (505) 765-1500 
Sterling Electronics, Inc. 
3540 Pan American 
Freeway, N.E. 
Albuquerque, NM 87107 
Tel: (505)884-1900 
NEW YORK 
Arrow Electronics, Inc. 
900 Broad Hollow Road 
Route 110, Farmingdale, LI, 
NY 11735 

Tel: (516) 694-6800 
Arrow Electronics, Inc. 
7705 Maltlage Drive 
Liverpool, NY 13088 
Tel: (315) 652-1000 
Arrow Electronics, Inc. 
3000 South Winton Road 
Rochester, NY 14623 
Tel: (716) 275-0300 
Hamilton Avnet Electronics 
Five Hub Drive 
Melville, NY 11746 
Tel: (516) 454-6000 
Hamilton Avnet Electronics 
333 Metro Park 
Rochester, NY 14623 
Tel: (716) 475-9130 
Hamilton Avnet Electronics 
16 Corporate Circle 
East Syracuse, NY 13057 
Tel: (315) 437-2641 



Milgray Electronics, Inc. 

191 Hanse Avenue 

Freeport, LI, NY 11520 

Tel: (516) 546-6000 

Schweber Electronics Corp. 

Three Townline Circle 

Rochester, NY 14623 

Tel: (716) 424-2222 

Schweber Electronics Corp. 

Jericho Turnpike 

Westbury, LI, NY 11590 

Tel: (516) 334-7474 

Summit Distributors, Inc. 

916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 

NORTH CAROLINA 

Arrow Electronics, Inc. 

938 Burke Street, 

Winston-Salem, NC 27101 

Tel: (919) 725-8711 

Hamilton Avnet Electronics 

2803 Industrial Park 

Raleigh, NC 27609 

Tel: (919) 829-8030 

Kierulff Electronics Inc. 

1800 #E Fairfax Road 

Greensboro, NC 27407 

Tel: (919) 852-9440 

OHIO 

Arrow Electronics, Inc. 

7620 McEwen Road 

Centerville, OH 45459 

Tel: (513) 435-5563 

Arrow Electronics, Inc. 

6238 Cochran Road 

Solon, OH 44139 

Tel: (216) 248-3990 

Hamilton Avnet Electronics, Inc. 

4588 Emery Industrial Parkway 

Cleveland, OH 44128 

Tel: (216) 831-3500 

Hamilton Avnet Electronics 

954 Senate Drive 

Dayton, OH 45459 

Tel: (513) 433-0610 

Hughes-Peters, Inc. 

481 East 11th Avenue 

Columbus, OH 43211 

Tel: (614) 294-5351 

Kierulff Electronics, Inc. 

23060 Miles Road 

Cleveland, OH 44128 

Tel: (216)587-6558 

Schweber Electronics Corp. 

23880 Commerce Park Road 

Beachwood, OH 44122 

Tel: (216) 464-2970 

OKLAHOMA 

Kierulff Electronics, Inc. 

Metro Park 12318 East 60th 

Tulsa, OK 74145 

Tel: (918) 252-7537 

OREGON 

Hamilton Avnet Electronics 

6024 S.W. Jean Road, 
Bldg. B-Suite J, 
Lake Oswego, OR 97034 
Tel: (503) 635-8157 



Wyle Distribution Group 

5289 N.E. Ezam Young Parkway 

Hillsboro, OR 97123 

Tel: (503) 640-6000 

PENNSYLVANIA 

Arrow Electronics, Inc. 

650 Seco Road 

Monroeville, PA 15146 

Tel: (412) 856-7000 

Herbach & Rademan, Inc. 

401 East Erie Avenue 

Philadelphia, PA 19134 

Tel: (215) 426-1700 

Schweber Electronics Corp. 

231 Gibralter Road 

Horsham, PA 19044 

Tel: (215) 441-0600 

TEXAS 

Arrow Electronics, Inc. 

13715 Gamma Road 

Dallas, TX 75240 

Tel: (214) 386-7500 

Arrow Electronics, Inc. 

10700 Corporate Drive #100 

Stafford, TX 77477 

Tel: (713) 491-4100 

Hamilton Avnet Electronics 

2401 Rutland Drive 

Austin, TX 78758 

Tel: (512) 837-8911 

Hamilton Avnet Electronics 

21 1 1 West Walnut Hill Lane 

Irving, TX 75060 

Tel: (214)659-4111 

Hamilton Avn^t Electronics 

8750 Westpark 

Houston, TX 77063 

Tel: (713) 975-3515 

Kierulff Electronics, inc. 

3007 Longhorn Blvd., Suite 105 

Austin, TX 78758 

Tel: (512) 835-2090 

Kierulff Electronics, Inc. 

9610 Skillman Avenue 

Dallas, TX 75243 

Tel: (214) 343-2400 

Kierulff Electronics, Inc. 

10415 Landsbury Drive, Suite 210 

Houston, TX 77099 

Tel: (713) 530-7030 

Schweber Electronics Corp. 

4202 Beltway, 

Dallas, TX 75234 

Tel: (214) 661-5010 

Schweber Electronics Corp. 

10625 Richmond Ste. 100 

Houston, TX 77042 

Tel: (713) 784-3600 

Sterling Electronics, Inc. 

2335A Kramer Lane, Suite A 

Austin, TX 78758 

Tel: (512) 836-1341 

Sterling Electronics, Inc. 

1 1090 Stemmons Freeway 

Stemmons at Southwell 

Dallas, TX 75229 

Tel: (214)243-1600 

Sterling Electronics, Inc. 

4201 Southwest Freeway 

Houston, TX 77027 

Tel: (713) 627-9800 
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U.S. UTAH 

Hamilton Avnet Electronics 

1585 West 2100 South 

Salt Lake City. UT 841 19 

Tel: (801) 972-2800 

Kierulff Electronics, Inc. 

2121 S. 3600 West Street 

Salt Lake City, UT 841 19 

Tel: (801) 973-6913 

Wyle Distribution Group 

1959 South 4130 West Unit B 

Salt Lake City, UT 84104 

Tel: (801) 974-9953 

WASHINGTON 

Arrow Electronics, Inc. 

14320 N.E. 21st Street 

Bellevue, WA 98005 

Tel: (2%) 643-4800 Venezuela 

Hamilton Avnet Electronics 

14212 N.E. 21st Street 

Bellevue, WA 98005 

Tel: (206) 453-5874 

Kierulff Electronics, Inc. 

1005 And over Park E. 

Tukwila, WA98188 

Tel: (206) 575-4420 

Robert £. Priebe Company 

2211 5th Avenue 

Seattle, WA 98121 

Tel: (206) 682-8242 

Wyle Distribution Group 

1750 132nd Avenue, N.E. 

Bellevue, WA 98005 

Tel: (206) 453-8300 



West Germany 



WISCONSIN West Indies 

Arrow Electronics, Inc. 

430 West Rawson Avenue 
Oak Creek, WI 53154 
Tel: (414) 764-6600 
Hamilton Avnet Electronics 

2975 South Moorland Road 

New Berlin, WI 53151 

Tel: (414) 784-4510 

Kierulff Electronics, Inc. 

2212 East Moreland Blvd. 

Waukesha, WI 53186 

Tel: (414) 784-8160 

Taylor Electric Company 

1000 W. Donges Bay Road 

Mequon, WI 53092 

Tel: (414) 241-4321 

Dinaradio, C.A. 

Conjunto Industrial El 

Cedraiito No. 6 

KM3, Carretera 

Petare-Guarenas, Caracas 

MAIL ADDRESS: Apartado Postal 60429 

Chacao 

Tele-Cuba, S.A. 

Av. Este O, No, 164, Ferrenquin 

a la Cruz, La Candelaria, 

Caracas 

Tel: 55-62-71 

P. Benavides, P., S.R.L. 

Residencies Camarat, Local 7 

La Candelaria, Caracas 

MAIL ADDRESS: Apartado Postal 20.249 Yugoslavia 

San Martin, Caracas 



Da Costa and Musson Ltda. 

Carlisle House 

Hincks Street 

P.O. Box 103 

Bridgetown, Barbados 

Tel: 608-50 

Alfred Neye Enatechnik GmbH 

Schillerstrasse 14, 

2085 Quickborn 

Tel: 04106/6121 

ECS HUmar Frehsdorf GmbH 

Electronic Components Service 

Carl-Zeiss Strasse 3 

2085 Quickborn 

Tel: 04106/71058-59 

Beck GmbH & Co. 

Elektroiiik Bauelemente KG 

Eltersdorfer Strasse 7, 

8500Nurnberg 15 

Tel: 0911/34961-66 

Elkose GmbH 

Bahnhofstrasse 44, 

7141 Moghngen 

Tel: 07141/4871 

Sasco GmbH 

Hermann-Oberth-Strasse 16 

8011 Putzbrunn bei Munchen 

Tel: 089/46111 

Spoerle Electronic KG 

Max-Planck Strasse 1-3, 

6072 Dreieich bei Frankfurt 

Tel: 06103/3041 

Avtotehna 

P.O. Box 593, Celovska 175 

Ljubljana 61000 

Tel: 552 341 



RCA i\/lanufacturers' Representatives 



U.S. 

Arizona 


Thom Luke Sales, Inc. 


Massachusetts 


New England Technical Sales 


South CaroUna 


CSR Electronics 




2940 North 67th Place 




Corp. 




1 1 1 Greenhouse Court 




Suite H 




135 Cambridge Street 




Columbia, SC 29210 




Scottsdale,AZ 85251 




Burlington, MA 01803 




Tel: (404) 396-3720 




Tel: (602) 941-1901 




Tel: (617) 272-0434 


Texas 


Southern States Marketing, inc. 


California 


C & K Assocs. 


New York 


Astrorep, Inc. 




16910 Dallas Parkway 




8333 Clairemont Mesa Blvd. 




300 Sunrise Highway 




Suite 222 




Suite 105 




Suite 2B 




Dallas, TX 75248 




San Diego, CA 92111 




West Babylon, NY 11704 




Tel: (214) 387-2489 




Tel: (714) 279-0420 




Tel: (516)422-2500 


Washington 


Western Technical Sales, inc. 


Florida 


Bohman Assocs., Inc. 


Ohio 


Lyons Corp. 




P.O. Box 3923 




130 North Park Avenue 




4812 Frederick Road 




Bellevue, WA 98009 




Apopka, FL 32703 




Suite 101 




Tel: (206) 641-3900 




Tel: (305) 886-1882 




Dayton, OH 45414 
Tel: (513) 278-0714 
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Solid 
State 



DATABOOK Series— SSD-260A 

■■■■■■■■■■■■■■■■■■■BBBHBBaBHBHBHHHBHaBBBm 

■aBBBBBBBBBBBBBBBBBBBBBBBBiBBBaBBBBBBBBBBBBflBBBBBaBBBBBBBBBBI 

■BBBBBBBBBaaBBBBBaaBBBBBBBBaaaaaaBaaaaaaBaaBaBaBaaaaaBaaaaaal 

■BBBBBBBaBBBBBBBBBaBaBBBBBiaBBaaBaaaBaaaaaaaaaaBaaaaaBaBaaaBBBBaaaaaaaBaBaaaaaaaBaaBi 

■BBBBBBBBBBBBBBBBaBBBBBBBBaBaaaaBaaaaaaaaaaaaaaaaaaaaBBBaaaar 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBaB^ 

■aaaBBBBBBBaBBBBBBBBBBaaBBBaaaaaaaaaaaaaflBBaaaaaaBBaBBBaaaBBBBBBBBBaaBBaaBaaaaaBaaaai 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBn 
^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaai 

^ ___„ _______ _ aaaaaaaaai 

BBBBBBBBBBBBBaaaBBaaaBBBBaBBaBBBBBaaBBBBBBBBBBr 

_ _ _ BBBBBBBBBBI 

- BBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^ 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB: 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^ 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^ 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI _ _ _ 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBia 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBai 
■BBBBBBBBBaaBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
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IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBa 

BBBBBBBBBBBBBBBBBBBBaBBBBBBBaaaBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
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laaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBaBaBflBBBBBBBBBBBBBBBaBBBBa 
IBaBBaaaBBBBBBBBaBBaBaBaBBBBaBBBBBBBBBBBBBBBBBBBBBaaBBaaaBBBBaBBBaBBBBBBBBBBBBaaaBBa 
^BBBBBBBBBBBBBBBBBBBBBBBaBBaBBBaBBaBaaBBBBBaaBaBBBBBBBBaBBBBBaBBBaB 

BBBaBaaBaaaBBaBBBBaaBBBaBaBBaBaBBBBaaBBBaaaaBBaBaaaBaaBBBBBBBBaBBa 

BBBaBBBaBBBBBBBBBBBBBaBBBBBBaaaBaBaaaBaaBBBBBaaBaBBaBBBBBBar 

BaaBaaBaBBBBBBBBBBBBBBBBBaaBBaaBaBaBaBBBaBBaaBBBBBBBBBBBaBaBI 
BBBBBaaaaBBBBBBBBBBBBBaaaBaBBBaBBBaaaaaaaBBBBaBBBBBBBBBBBBBai 
laaBBBBBBBBBBBBBBaaaaaaaaaBBBBBBBBBBBaBBBBBBBaBBBBBBBaaaBBBBaBaBaaBBBBBaBBBBaBI 
laBBBBaaBBBBBBBaBaaaaBaBBBBBBBBaaBBaBBBBBBBaBBBBBBBBBaBBaBBaaaaBBBBBBBBBBBBBaBI 
IBBBBBBBBaBBBBBBaBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBI 
II 
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